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PREFACE 


The AgRISTARS program was initiated in fiscal year 1980 in 
response to an initiative issued by the U.S. Department of Agricul- 
ture. Led by the USDA, the program is a cooperative effort with 
the National Aeronautics and Space Administration, the National 
Oceanic and Atmospheric Administration of the U.S. Department of 
Commerce, the U.S. Department of the Interior, and the Agency for 
International Development of the U.S. Department of State. 

The program goal is to determine the usefulness, cost, and extent 
to which aerospace remote sensing data can be integrated into exist- 
ing or future USDA systems to improve the objectivity, reliability, 
timeliness, and adequacy of information required to carry out USDA 
missions. 

The program is well underway, with encouraging progress having 
been made in fiscal years 1980* and 1981. The outlook is that 
aerospace remote sensing will contribute to USDA information needs 
in a significant way and, more generally, that the AgRIST ARS effort 
will advance this technology for use in other areas of national need. 
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•AgRISTARS Annual Report - Fiscal Year 1980; AP-)0-04111, 
National Aeronautics and Space Administration, Lyndon B. lohnson 
Space Center, lune 1981. 
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I. PURPOSE 




The purpose of this report is to 
present the major objectives and 
accompiishments of the Agriculture and 
Resources Inventory Surveys Through 
Aerospace Remote Sensing (AgRIST ARS) 
program and its eight component 
projects during fiscal year (FY) 1981. 

The report includes an introduction to 
the overall AgRIST ARS program, a gen- 
eral statement on progress, and separate 
summaries of the activities of each 
project. The primary emphasis is on the 
technical highlights. It is planned to 
issue similar annual reports around 


January of each year. Organizational 
and management information on 
AgRIST ARS is included in the appen- 
dixes, as is a complete bibliography of 
publications and reports. Additional 
information may be obtained from: 

AgRIST ARS Program Support Staff, 
Code SK 

NASA Lyndon B. Johnson Space 
Center 

Houston, Texas 77058 

Telephone- 713-483-2548 
(FTS; 525-2548) 


/: 

Inventory Surveys Through 



☆ USDA^ NASA ☆USDCT^rUSDI^r AID ☆ | 
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AgRISTARS is a long-term program 
of research, development, test, and eval- 
uation of aerospace remote sensing to 
meet the needs of the U.S. Department 
of Agriculture (USDA). The program is a 
cooperative effort of: the USDA; the 

National Aeronautics and Space Adminis- 
tration (NASA); the U.S. Department of 
Commerce (USDC) through its agency, 
the National Oceanic and Atmospheric 
Administration (NO A A); and the U.S. 
Department of the Interior (USDI). In 
addition, the Agency for International 
Development (AID) of the U.S. Depart- 
ment of State participates as an ex- 
officio observer and potential future user 
agency. 

In 1978, the Secretary of Agriculture 
issued an initiative,^ in response to 
which the participating agencies estab- 


joint Program of Research and 
Development of Uses of Aerospace 
Technology for Agricultural Programs, 
February 1978. 


lished the AgRISTARS program. In 1980, 
the program was Initiated as an effort 
based on satisfying current and future 
requirements of the USDA for high- 
priority agricultural and other renewable 
resources type information. This infor- 
mation is important to the USDA in 
addressing national and international 
issues on supply, demand, and competi- 
tion for food and fiber. 

The overall goal of AgRISTARS is to 
determine the feasibility of integrating 
aerospace remote sensing technology 
into existing or future USDA data acqui- 
sition systems. Determining feasibility 
depends upon the assessment of numer- 
ous factors over an extended period of 
time. Determinations of the reliability, 
cos*s, timeliness, objectivity, and ade- 
quacy of information required to carry 
out USDA missions are planned in the 
program. The overall approach consists 
of a balanced program of remote sensing 
research, development, and testing which 
addresses a wide range of information 
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needs on domestic and global resources • Land use classification and measure- 
and agricultural commodities. ment 

In this Initiative, the USDA Identified e Renewable resources Inventory and 
the following seven Information require* assessment 

ments: 

e Land productivity estimates 

• Early warning of change affecting 

production and quality of cornmod- e Conservation practices assessment 
ities and renewable resources 

• Pollution detection and impact eval* 
e Commodity production forecasts uations 


U.S. AGRICULTURE’S CONTRIBUTION TO BALANCE OF TRADE 



1S70 1S71 1S72 1S73 1S74 1S76 1S7S 1B77 ItTS ItTt 1M0 


CALENDAR YEAR 
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Based on these information require** 
ments, as well as on a specific immedi- 
ate need for better or more timely infor- 
mation on crop conditions and expected 
production, the AgRISTARS technical 
program was developed. It consists of 
eight projects which address all seven of 
the USDA information needs with a clear 
emphasis on the first two, early warning 
of change and commodity production 
forecasts. The eight projects include the 
following: 

• Early Warning and Crop Condition 
Assessment (EW/CCA) 

• Inventory Technology Development 
(ITD)2 


Formerly known as the Foreign 
Commodity Production Forecasting 
( FC PF) project. 


• Yield Model Development (Y MD) 

• Supporting Research (SR) 

• Soil Moisture (SM) 

• Domestic Crops and Land Cover 
(DC/LC) 

• Renewable Resources Inventory (RRI) 

• Conservation and Pollution (C/P) 

Each project has its specific set of 
objectives and is treated in this report as 
a discrete element of the AgRISTARS 
program. The projects are interrelated 
both through mutuality of information 
needs and through much common tech- 
nology. The approach for all projects 
calls for exploratory experiments, pilot 
and/or large-scale applications tests, and 
USDA user evaluations. 




I 


S 










3. PROGRAM SUMMARY 


The AgRISTARS program i» well 
urtderway with meaningful progress hav- 
ing been made during FY 1981, the 
second year of the effort. Scientists and 
support personnel from the participating 
Government agencies, from universities, 
and from industry are assigned to 
AgRISTARS research at some 3S loca- 
tions in the United States. A multi- 
agency ptogram management structure 
has been established arrd is functioning 
with planning and reporting mechanisms 
in place. Each of the participating 
agencies is supporting the program 


pursuant to a Memorandum of 
Understanding dated January 16, 1980. 

The outlook for activity under the 
AgRISTARS program is that aerospace 
remote sensing technology will indeed 
contribute in a significant way to meet- 
ing the information needs of the USD A. 
Further, it is anticipated that 
AgRISTARS will be a major stimulus to 
advance remote sensing technology in 
general and thus will contribute to the 
exploitation of this technology in other 
areas of national need. 
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4. PROJEa SUMMARIES 


4.1 EARLY WARNING/CROP CONDITION 
ASSESSMENT 

The EW/CCA research effort is 
designed to develop and test remote 
sensing techniques which will make 
possible or enhance operational method- 
ologies for crop condition assessment. 
This technology will be used by elements 
of the USDA, in particular the Foreign 
Agricultural Service (FAS) of the USDA, 
which is responsible for providing early 
warning of changes which may affect 
foreign crop production and quality and 
for assessing crop conditions. The 
EW/CCA projec. is led by the USDA 
Agricultural Research Service (ARS) 
with participation by NASA and NO A A. 
The project activity includes techniques 
for alerting, monitoring, and assessing 
conditions that impact crop production in 
both foreign and U.S. areas. Major 
commodities for which technology is 
being developed include small grains 
(wheat and barley), corn, soybeans, 
sorghum, sunflowers, sugar beets, and 
cotton. 


also provide regional soil moisture 
and crop calendar information. 

• The development of environmental 
*^hreshold values and background 
information for other crop-stress 
models. 

• The development of a crop water- 
stress index (CWSI). This index is 
now ready for testing on data from 
aircraft and satellite platforms. 

• The initiation of studies to quantify 
crop stress spectrally. Initial results 
indicate that water stress can be 
detected and measured spectrally 
before stress can be detected 
visually. 

• The development of the capability for 
using environmental satellite data to 
monitor floods and general crop 
conditions over large areas. 


4.2 INVENTORY TECHNOLOGY 
DEVELOPMENT 


EARLY WARNING OF CONDITIONS AFFECTING CROPS 


Thi» project will etsitt 
the USDA in trecking the 
condition of major r >ps 
in the United States and 
foreign countries* 

Techniques using data from 
satellites to measure the 
effects of drought on crops 
are well developed, and the 
areas of the crops affected 
can be accural*' ly meas* 
ured. Other types of crop 
stress are also being 
studied. 



Major accomplishments in FY 1981 
were: 

• The development and testing of sev- 
eral crop-stress-alarm models which 


The objective of ITD activity is to 
develop and test techniques for using 
space remote sensing technology to pro- 
vide objective, timely, and reliable fore- 
casts of foreign crop production without 
requiring ground observations. The pro- 
spective users of this technology are the 
USDA/FAS and various international 
organizations concerned with world food 
and fiber supply. The project is led by 
NASA with participation by USDA and 
NOAA. In achieving its objective, the 
ITD research considers eight crop/region 
combinations in the United States and 
five foreign countries, including the 
U.S.S.R., Argentina, Brazil, Canada, and 
Australia. Small grains, corn, and 
soybeans will be studied. ITD research 
expands and improves upon the remote 
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sensing technology developed in previous 
experiments during the mid-1970's. 

INVENTORV TECHNOIOGV DEVELOPMENT 

The ITD proiect is 
researchint techniques to 
monitor major commodities 
(wheat, barley, corn, anj 
soybeans) in five foreign 
countries and in five 
similar growing areas in 
the United States. 


For eiampie, interpreting 
techniques for images of 
Braiilian crops may be 
aided by comparing them 
to images of crops grown in 
the State of Georgia. 




Major accomplishments in FY 1981 

were: 

• The first successful development and 
experimental testing of efficient 
automated methods for producing 
crop arcc. estimates for spring small 
grains. These tests imply that data 
analysis costs will not be a significant 
cost factor in making objective crop 
area estimates for major crops in for- 
eign regions using Landsat-type data. 

• The further development of tech- 
niques for corn and soybean area 
estimation based on FY 1980 results. 
Initial testing shows substantial 
improvements in the accuracy of the 
estimates. 

• Design and partial implementation of 
an area/production estimation simu- 
lator. This simulator will allow more 
comprehensive performance assess- 
ments of technology components. 

• Acquisition of a second year of 
extensive ground-truth data and 
coincidental Landsat imagery to 
support research and development for 
the crop regions of interest. This 
included ground observations in 133 
U.S. sites and in 16 Argentina sites. 


4.3 YIELD MODEL DEVELOPMENT 

The YMD research effort utilizes 
measurements of environmental and 
plant characteristics to project crop 
yield potential within a region. This 
effort is a key component of any com- 
modity production forecasting method- 
ology and, as such, contributes to both 
the domestic and foreign crop estimation 
processes. NOAA, through the Environ- 
mental Data and Information Service, 
Center for Environmental Assessment 
Services (EDIS/CEAS), leads this activity 
with support from USDA and NASA. 

YIELD MODEL DEVELOPMENT 


This It rrtearch to determine how various crops will respond to 
weather conditions, agricultural practices, and other factors. 
Many years of data are taken into account. 



Major accomplishments in FY 1981 

were: 

• An evaluation of available wheat, 
barley, corn, and soybean regression- 
type yield models; the selection of 
the most responsive model for each 
crop; the preparation of required 
yield estimates from selected models; 
and the delivery of recommendations 
and estimates to the ITD project 
manager. 

• The development of a new methodol- 
ogy using meteorological satellite 
(metsat) data for estimating solar 
radiation at the surface and the 
validation of the accuracy of these 
estimates. 
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• The compilation of five wheat growth 
simulation models, the testing of two 
of the five, and the documentation of 
recommendations for improvement. 

• The development of a model that 
relates water stress, caused by low 
soil moisture or high energy input 
levels, to photosynthesis limitation in 
soybeans. 

• The adaptation of the wheat 
simulation model to barley. 


4.4 SUPPORTING RESEARCH 

This project is designed to provide 
technological components and procedures 
for testing in the other AgRIST ARS proj- 
ects, notably in the crop inventory activ- 
ities. Research focuses on techniques to 
extract, from Landsat data, information 
on the area planted to different crops; on 
the stage of development of wheat, 
barley, corn, and soybeans; and on the 
crop condition determined from spectral 
analyses of the crops. This activity is 
led by NASA with support from USDA 
and NO A A. 


Major accomplishments in FY 1981 

were: 

• The development and testing of a 
wheat stress index model derived 
from a simulation of daily crop mois- 
ture stress and phenological develop- 
ment. Initial testing, using 1980 U.S. 
Great Plains data, shows a marked 
improvement in the accuracy of the 
model over previous models. 

• The simulation of data which will be 
collected by the Landsat thematic 
mapper (TM), to be launched in late 
1982, using both an aircraft scanner 
and a field spectrometer to predict 
performance. Results obtained from 
a small grains and corn area in South 
Dakota indicate that the TM spatial 
resolution of 30 meters will provide 
data with much less of the full 
boundary confusion than was the case 
for the multispectral scanner (MSS). 
Specifically, 75 percent of the 
picture elements (pixels) in the TM 
scene will lie totally within fields and 
thus will contain the 'signature* of 
only one crop, compared to only 
35 percent for the MSS. 


The crops of concern to the EW/CCA 
and ITD projects are being studied by the 
SR project. In addition, naturai vegeta- 
tion and soils are important subjects of 
study. 


SUPPORTING RESEARCH 


Rcicarch it being conducted 
in the following ireit of 
remote tenting technology: 


Sampling and 
agiregation 
Area ettimation 
C rop development 
ttage ettimation 
' ield ettimation 
Crop ttrett 
Soilt 


Industry 



Research network 


• Further development of an automated 
crop area estimation procedure. This 
procedure uses multitemporai Land- 
sat MSS data to model crop growth 
automatically and meteorological 
data to model crop planting dates and 
crop stages of development. Analysts 
manually identify a smali sample of 
pixels for training computer classifi- 
cation programs. Verification tests 
of the procedure show accurate crop 
estimates, and results indicate that 
complete automation of the proce- 
dure may be F>ossible in the future. In 
addition, test results indicate that, 
using this new procedure, corn area 
estimation is possible about 60 days 
after planting. 
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• Improvement of Landsat MSS multi- 
temporal data registration using a 
newly developed registration proc- 
essor. Initial testing shows an accu- 
racy at or below 0.5 pixel, compared 
to an earlier capability of *1.0 pixel. 
Further improvements are in work, 
with a goal of 0.2 pixel accuracy. 
This accuracy is needed in order to 
classify small and strip/fallow fields 
where successive pixels may be in and 
out of fields without tight 
registration accuracy. 


4.5 SOIL MOISTURE 

The objective of the SM project is to 
develop and evaluate the technology for 
the remote and ground measurements of 
soil moisture. This technology is an 
intermediate step in the application of 
remote sensing, in that a knowledge of 
soil moisture is important to models 
which predict items such as crop yield, 
plant stress, and watershed runoff. This 
work will provide knowledge about a key 
variable needed in several other 

AgRIST ARS projects. This activity is led 
by the USDA Soil Conservation Service 
(SCS) with support from NASA. The 
scope of the work includes the improve- 
ment of in situ soil moisture meas- 
urement techniques and, through 

mathematical modeling efforts, relating 
these in situ measurements to remotely 
sensed measurements. Applications of 

the results will be made over broad 
regions to various agricultural and 
hydrological problems. 


SOIL MOISTURE STUDIES 


Increasing the accur4*cy of 
these measurements Mill 
have applications in 

• (arly warning 

• C rop yield estimation 

• Watershed runoff 

• VegetaMve stress 
assessment 


Microwave and 

infrared 

measurements 



Major accomplishments In FY 1981 

were: 

• The finding of substantial agreement 
between theory and measurements of 
the penetration depth of certain 
microwave bands. Also, it appears 
that time of day may be an important 
consideration in the remote sensing 
of soil moisture. 

• The commencement of work on a 
portable surface soil nK>isture meas- 
uring instrument to be used for rapid 
ground-truth measurements over 
large areas. 

• Further quantification of the effects 
that vegetation has on microwave soil 
moisture measurements. Results 
show that they must be considered 
when making these measurements. 


4.6 DOMESTIC CROPS AND LAND 
COVER 

The DC/LC crop acreage objectives 
are to improve state and substate crop 
acrecc*^ estimates by integrating Landsat 
data with ground data from the existing 
USDA program and to evaluate the 
effectiveness of alternative procedures. 
The land cover objectives are to explore 
methods for meeting USDA needs for 
land cover inventories, land use change 
estimates, and mapping products of land 
cover. 


DOMESTIC CROPS AND LAND COVER 


Directed it iulnmatic clissificition jnd estimition of Ijrtd cover 
with emphasis on major crops, this project uses Landsat and 
advanced sensor data to improve accuracy of data classification 
on the local level. 
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This project is led by the USDA 
Statistical Reporting Service (SRS) with 
support from NASA. Major crop esti- 
mates are being addressed first in the 
U.S. Great Plains for wheat and in the 
U.S. Corn Belt for corn and soybeans. 
Plans call for adding two states each 
year to the crop estimation research. 

Major accomplishments in FY 1981 
were: 

• The completion of revised 1980 major 
crop acreage estimates in Iowa and 
Kansas before the end of the 
estimation season. 

• The implementation of state 
statistical office procedures for 
Missouri and Oklahoma, in addition to 
Iowa and Kansas, for 1981. 

• A comparison cf USDA/SRS and 
NASA data registration techniques. 

• The completion of a TM simulator 
study on crop acreage classification. 

• An evaluation of several change 
detection procedures for one test 
site. 

• A statewide land cover survey in 
Kansas conducted in conjunction with 
an existing survey. 

4.7 RENEWABLE RESOURCES 
INVENTORY 

The objectives of the RRI project are 
the development and implementation, in 
the USDA Forest Service, of new remote 
sensing technology which will offer 
capabilities in support of the national 
renewable resource assessment process. 
The USDA Forest Service will be the 
user of the technologies developed under 
the RRI project. The Forest Service is 
the lead agency in this project. The 


scope of the effort includes: (1) improv- 
ing high-altitude aircraft sensor and 
pallet capability; (2) mapping and char- 
acterizing natural and managed habita- 
tion; (3) collecting, displaying, and using 
resource information to aid in forest 
management and planning; (4) demon- 
strating advanced capabilities for 
monitoring, classifying, and measuring 
disturbances and changes in forests and 
rangeland; and (5) evaluating Landsat 
technology as a tool for supporting 
multiresource inventories and forest 
planning. 

RENEWABLE RESOURCES INVENTORY 

Four main categories are 
being addressed: 

(1) National inventory 

(2) Stress/damage 
assessment 

(3) Timberland class!* 
fication 

(4) Environmental/land 
use 


Use of data from the 
Landsat mullispectral 
scanner and the more 
detailed data from the 
improved sensors is 
planned. 


Major accomplishments in FY 1981 

were: 

• The simulation of the Landsat-D TM 
using panoramic cameras. Results 
indicate that the accuracy of forestry 
t^ype mapping will almost double and 
that existing software at NASA's 
National Space Technology Labora- 
tories, Earth Resources Laboratory 
(NSTL/ERL) will process TM data 
successfully. Additionally, a Seasat 
synthetic aperture radar (SAR) study 
showed improved delineation of 
deciduous forests. 

• Evaluations, using Landsat MSS data, 
of wildlife habitat areas derived from 
vegetation cover maps and of 
procedures for habitat type mapping. 




1973 1980 
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• Further advancement of the Multi- 
resource Inventory Methods Pilot 
Test. Computer classification pro- 
grams were evaluated; an implemen- 
tation plan was developed for land 
management planning in the San Juan 
National Forest in Colorado; and 
computer systems together with 
remote access systems were 
evaluated. 

• Significant results and preliminary 
results have been obtained from tests 
of new procedures for change detec- 
tion, classification, and measurement 
of disturbances and changes. 

4.8 CONSERVATION AND POLLUTION 

The conservation assessment portion 
of the C/P project addresses applications 
in three areas: inventory of conservation 
practices, estimation of water runoff 
using hydrologic models, and determina- 
tion of physical characteristics of 
snowpacks. 

The pollution p>ortion of the C/P 
project will provide an assessment of 
conservation practices through the use of 
remote sensing techniques to quantita- 
tively assess sediment runoff, to detect 
gaseous and particulate air pollutants, 
and to assess their impacts on 
agricultural and forestry resources. 

CONSERVATION AND POLLUTION 

r onservation entaili: 

(1) Conservation pract ice« 

(2) Water runoff studies 

(3) Snowpack studies 

(4) Thermal infrared 
studies of soil 
moisture 

Pollution studies entail: 

{^) Assessment of / 
contaminated 
sediment runoff 

(2) Air pollution 

(3) impact of total V 

pollution on forestry 
and agriculture 


The USDA leads this project with 

support from NASA and NOAA. 

Major accomplishments in FY 1981 

were: 

• Studies of watershed runoff, which 
was shown to be extremely sensitive 
to the amount of soil moisture in the 
surface layers. 

• The development of procedures for 
using Landsat images to deteimine 
SCS water runoff model curve 
numbers. 

• Testing of a snowmelt model on U.S. 
river basins wrth good results. 

• Further advancement of a model 
relating snow depth to microwave 
brightness. 

• The finding that snow boundaries can 
be detected by 37-gigahertz or 
18-gigahertz data. 

• Spectral studies of suspended sedi- 
ments in reservoirs. Results indicate 
that TM band 4 will be useful for 
mapping suspended sediments. 

• Measurements of spectral differences 
in plants exposed to 0.6 parts per 
million (ppm) ozone for 2 hours. 
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5. PROJEa TECHNICAL HIGHLIGHTS 


In each of the AgRISTARS projects, 
there has been good progress across a 
broad front, and the results have been 
documented in detail (see appendix B). 
The purpose of this section is to focus on 


the most significant accomplishments in 
each project. If the reader desires 
greater detail, he should consult the key 
references noted below each of the 
highlighted efforts. 
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5.1 EARLY WARNING/CROP CONDITION 
ASSESSMENT 

5.1.1 Technical Objectives 

The central objective of the research 
and development activity is to provide a 
capability for the USDA to assess and 
respond in a timely manner to factors 
affecting the quality and production of 
economically important crops. Primary 
program technical objectives are: 

e To develop, test, and evaluate the use 
of meteorological and satellite data 
with various simulation models and 
known environmental thresholds to 
provide timely alerts of abnormal and 
optimal conditions on a global basis. 

• To develop, test, and evaluate alter- 
native uses of NOAA-6 and NOAA-7 
satellite data to monitor and alert for 
abnormal conditions. 

• To provide improved definition of the 
relationships between plants and their 
environment and factors affecting 
the normal growth cycle. 

• To determine relationships between 
crop stress and spectral response. 

• To develop a gridded U.S. data base 
for year-to-year change analysis. 


5.1.2 Alarm Models 

Model development and/or improve- 
ments were made to provide alarms for 
potentially damaging ambient conditions 
including water and temperature stresses 
for wheat, corn, sorghum, and soybeans. 
The wheat, corn, and sorghum models 
have been transferred to the USDA/FAS 
data base for synoptic applications. A 
sorghum stress model (fig. 1.) illustrates 
both optimum and hazardous moisture 
and temperature conditions that may 
occur at various plant growth stages. 


Additional outputs are preseason stored 
soil moisture status and tractability 
problems at the planting and harvest 
periods. To support the alarm model 
development, an improved soil water 
budget model and location-specific crop 
calendar models for each crop were 
developed and implemented in conjunc- 
tion with an existing USDA data base. 
Because phenology determines plant 
stress response, adequate crop calendar 
information is essential. 

Modeling efforts have also been 
directed toward the prediction of disease 
epidemics, particularly rusts, of small 
grain cereals. Major pathogens have 
been identified along with inoculum 
sources for all major agricultural areas 
of the world. Meteorological constraints 
during the different critical phases of 
disease cycling were defined for several 
pathogens, with major emphasis on stripe 
rust. Initial spectral data indicate the 
feasibility of impact analysis following 
areal discrimination based on a 
meteorologically driven algorithm. 


5.1.3 Condition Assessments 

Soil water, when in limited supply or 
in excess, is a major factor in crop 
condition and production. The EW/CCA 
project is involved in several tasks to 
detect, monitor, and determine the 
degree of water stress for several crops. 
The tasks range in scope from basic crop 
response research, to applied research at 
the farmer level, to applications based 
on satellite (Landsat and meteorological) 
observations. One significant contribu- 
tion has been the development of the 
CWSI. This index based on the difference 
between plant canopy and ambient air 
temperature and vapor pressure deficit 
appears to track water stress for cotton, 
wheat, and alfalfa. The index was devel- 
oped and tested using plot data. Its use 
is being extended to aircraft data this 
year, and plans are in preparation to 
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Figure !•- A sorghum model providing daily hazardous and/or optimum flags for 
moisture and temperature conditions at various crop phenology stages • 
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determine the value of the index for 
large areas using Geostationary Opera- 
tional Environmental Satellite (COES) 
data. The CWSI appears to have broad 
geographic applications for several 
crops. When the index is large during 
fruiting of cotton, a definite response is 
seen in yield (fig. 2). This index is an 
excellent example of complementary use 
of remote and in situ observations since, 
for large-area applications, canopy tem- 
perature will be determined remotely. 

Field plots were established in 
Bushland, Texas, to measure crop water 
stress and spectral response from four 
crops. The spectral data were obtained 
using ground-based radiometers. Initial 
results indicate that water stress in corn 
can be detected and measured remotely 
before stress can be detected visually. 
An initial atmospheric correction model 


has been developed so that ground-based 
radiometer data can be interpreted 
relative to space platform data. 

The feasibility of monitoring range- 
lands to assess water stress in adjacent 
croplands is being studied. Initial 
findings suggest a potential for using 
rangelands as a soil nK>isture crop stress 
Indicator; however, Landsat acquisitions 
may be too infrequent to provide reliable 
data. Future research may demonstrate 
the utility of NOAA-6 and NOAA-7 
satellite data. 

Plant stress caused by flooding also 
results in significant crop damage. Thus, 
a classifier and estimator of flooded area 
were developed. The classifier and esti- 
mator (fig. 3) are components of a flood 
assessment model used to monitor flood 
damage. 



SUM OF CWSI 

Figure 2.- Cotton yield vereue eum of 
CWSI during fruiting* 
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Figure 3.- Flood project olaseifier for delineation of water, 
vegetation, and eoile using UOAA-6 spectral data. 


The EW/CCA project is utilizing an 
established geographical grid to define 
the boundaries for a U.S. data base. The 
grid cell represents an area of approxi- 
mately 75 by 25 miles. The data base 
contains geographic and physiographic 
data for each cell. These data include 
political entities, land resource areas, 
major soil types, and major crops with 
associated crop calendars. Each cell Is 
referenced to meteorological and satel- 
lite data. The meteorological data 
include daily precipitation, maximum and 
minimum temperatures, evapotranspi ra- 
tion, snow cover, and solar radiation. 
These data are received within 10 days 
of occurrence and reside in the data base 
for at least 90 days. NOAA satellite 
data are received within 48 hours after 
acquisition, and computed vegetative 


index numbers reside in the data base for 
at least 1 year. When the data base Is 
purged, the data are stored on tapes for 
research purposes. Landsat data are also 
available for certain specific grid cells. 
Current computer capability will accom- 
modate 1200 grids in the central part of 
the United States. 


5.1.4 Environmental Satallitet 

Information from the NOAA-6 and 
NOAA-7 environmental satellites was 
analyzed to determine relationships 
between vegetation characteristics and 
satellite-derived indices of greenness. 
Correlation analysis indicates a good 
relationship between Landsat and 
NOAA-6 data (fig. 4). Single-channel 
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LANOSAT CHANNEL 7 - CHANNEL B 


Figure 4.- Relationehipe betmen Landeat end 
environmental eatellite data. 


data and/or vegetative index numbers 
have been used in drought studies, flood 
monitoring and assessments, and general 
crop condition studies. Other studies 
involve illumination effects, viewing 
angle effects over nonuniform surfaces, 
and information content of geographic 
grids and/or global area coverage (CAC) 
and local area coverage (LAC) pixels. 

Figure 5 illustrates the temporal 
change in overall greenness of two geo- 
graphic grids during the summer of 1981. 
Changes in greenness correspond quite 
well to amounts of precipitation 
recorded at nearby weather stations. 
A data base including the NOAA-6 and 
NOAA-7 data will be evaluated in 1982 
for year-to-year changes. The EW/CCA 


project supported the development of a 
two-channel metsat processor for 
USDA/FAS. Modifications for the 
processor are provided as improved 
coefficients and cloud-screening algo- 
rithms are developed. 

A regional aridity index using envi- 
ronmental satellite data was developed. 
This index is based on satellite-derived 
surface temperature relative to weather 
station air temperature. Areas of least 
freeze hazard were also delineated usir 
nighttime satellite data. 

Estimates of precipitation over Brazil 
(january 1981) and the U.S.S.R. (May 
through August 1981) derived from polar- 
orbiting satellites were prepared for 
AgRISTARS evaluation. 


20 


ORIGINAL PAGE IS 
OF POOR QUALITY 



70 to 110 130 110 170 ItO 210 


DAY OF YEAH 

Figure 5 .- Environmental eatellite vegetative index (EVI) trajectoriee 
coniputed for i^j gride in southeast and eouth-oentral South Dak.ota» 


6.2 INVENTORY TECHNOLOGY 
DEVELOPMENT 

5.2.1 Ttchnical ObjtctivM 

The general objective of the ITD 
project is to research methods for mak- 
ing improved crop production forecasts 
in foreign areas without requiring ground 
observations. The focus of this work In 
FY 1981 was on: 

o Automating and improving the effi- 
ciency of reliable spring small grains 
crop identification/area estimation 
technology, as well as conducting 
evaluations on a multiyear (1976-79) 
data set. 

o Developing a reliable corn and soy- 
bean area estimation technique based 
on the crop identification procedures 
developed in 1980 and initiating a 
test of this technology while simul- 
taneously developing more efficient 
automated alternative techniques. 

o Constructing components of an inte- 
grated simulator of a conceptual crop 
area/production forecasting system 
that will permit more comprehensive 
performance evaluations of alter- 
native foreign crop estimation 
technology components. 

o Acquiring a second year of extensive 
ground-truth and correlated Landsat 
data to support subsequent research 
and development efforts. 


5.2.2 Estimation of Crop Areas - Spring 
Small Grains 

Previous research in the detection of 
spring small grains with highly objective 
analysis orocedures led to the develop- 
ment and evaluation of an almost totally 
automated technology. 


This evolved from the fact that prog- 
ress had been made In improving accu- 
racy of the spring small grains estimates, 
which allowed emphasis to be placed on 
making the techniques more objective 
and efficient. 

With this emphasis, the ITD project 
developed three almost totally auto- 
mated spring small grains techniques 
that were evaluated over a multiyear 
(1976-79) data set of varying climatic 
conditions (fig. 6). These data include 
ground-truth data and coincidental 
remotely sensed I andsat imagery cover- 
ing approximately 5000 square miles in 
four U.S. northern Great Plains states 
and Saskatchewan, Canada. 

The resul*s of these evaluations show 
the techniques to be highly efficient with 
greatly reduced analyst and computer 
processing costs, when compared to the 
previous manually intensive procedures 
(fig. 7), while still maintaining accura- 
cies that are comparable to those 
obtained using previous hi:torical spring 
small grains techniques (fig. 8). 

These evaluations of this spring small 
grains area estimation technology estab- 
lished a sound technical basis for 
decisions to extend the research and 
development of these procedures to 
foreign environments (the U.S.S.R. and 
Australia) and to extend similar 
approaches to other crops and regions 
and to a multicrop estimation 
technology. 

(Key references: FC-) 1-04181; 
FC-j1-04087; FC-J1-04175, Vol. 1). 


5.2.3 Estimation of Crop Areas - Com 
and Soybeans 

During 1980, the first year of 
AgRISTARS, exploratory experiments 
over Landsat data sites acquired 
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Figure 6,- Site locations and meteorological summary 
far U.S. and Canada spring small gravns. 
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Figure 8.- Accuracy comparieone of ITD spring small grains techniques. 


throughout the central U.S. Corn Belt in 
crop year 1978 showed that analysts 
using the then-current techniques pro- 
vided quite accurate crop identification, 
especially for those Landsat pixels fall- 
ing in the interior of agricultural fields. 
However, the accuracy of the crop pro- 
portion estimates obtained was consid- 
ered disappointing in comparison to the 
excellent crop identification accuracy. 
This was felt to be caused largely by the 
small size of agricultural fields in the 
Corn Belt relative to the Landsat pixel. 
Consequently, research and development 
were focused on computer processing 
approaches for obtaining accurate 
proportion estimates in the presence of 
small fields while retaining the accuracy 
and objectiv'-’y of the 1980 crop identifi- 
cation technique. Of particular interest 
was the development of automatic tech- 
niques to identify agricultural fields in 
Landsat images and to extract crop 
planting and growing characteristics for 
use in objective crop identification logic. 


During 1981, a baseline corn and soy- 
bean technique was established and eval- 
uated using 2 years (1978-79) of Landsat 
and weather data over 23 sites in four 
states of the Corn Belt (fig. 9). The 
estimation of summer crop proportions 
(the logical group corresponding to spring 
small grains) showed virtually no error, 
with the estimates for both years within 
2 percent of the ground estimates 
(fig. 10). Substantial improvements in 
bias and variance can be noted when 
compared to previous results. There was 
a tendency to overestimate corn and 
underestimate soybeans in the 2 years, 
but results were not statistically signifi- 
cant in 1979. Detailed analyses of the 
results indicate that minor modifica- 
tions, now being completed, will reduce 
crop type proportion errors by one-half. 
The evaluation also indicated that a high 
proportion of the research sites was 
processable with the baseline technique 
(72 percent for crop group and 
60 percent for crop type). 
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Figure 9.- Location of sites within the U.S^ central 
Com Belt for FY 1981 pilot experiment. 
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Figure 10,- Comparison of com and soybean baseline 
subsystem with previous results. 









The study also determined that the 
field labeling target is of key impor- 
tance. In addition, the relationship 
between crop type and field size and the 
presence of crop stress, particularly in 
soybeans, were found to be significant 
factors in technique performance. 

The baseline technique was imple- 
mented to permit tracing error sources 
rather than for efficiency. However, 
preliminary results in adapting one of the 
automated spring small grains techniques 
to CO ' ind soybeans have proved highly 
encouraging, with highly accurate esti- 
mates of summer crop acreage (relative 
error of 0.4 p>ercent) in early season 
(prior to crop emergence) and reliable 
corn and soybean acreage estimates 
about 1 month before harvest (relative 
errors of 7 and 9 percent, respectively) 
over 15 sites. 

(Key references: FC-J1-0^181; 
FC-J1-04087; FC-J 1-04175, Vol. II; 

FC-J 1-00504). 


5.2.4 Simulation Developments 

Estimating the performance of an 
area/production estimation system in 
foreign areas has always been a difficult 
problem. Among the major reasons for 
this problem are the lack of adequate 
foreign ground data or reliable regional 
area estimates coupled with the unknown 
sensitivity of analysis techniques to such 
factors as year-specific weather and 
different sample allocations. Many of 
these issues can be addressed with the 
use of an area/production estimation 
system simulator in conjunction with 
simulated Landsat data. 

During the past year, the conceptual 
design of the system simulator (fig. 11) 
was completed, as well as detailed 
designs for several components. Tech- 
nical development of the most critical 
component, an acquisition history 


simulator, is largely complete. This 
simulator is driven by the intersection of 
a Landsat satellite orbit ntodel with a 
historical archive of cloud-cover data. 
This system will allow investigation of 
the effects of cloud cover on acquisition 
histories and, hence, on analysis results 
in ITD crop regions. Since actual his- 
torical cloud-cover data are input to the 
model, the spatial and temporal correla- 
tions in cloud cover and acquisition loss 
and, hence, in analysis error are pre- 
served. The total system simulator can 
then be used to establish the efficiency 
of approaches for controlling errors in a 
large-area estimate. Again, the use of 
actual data permits investigation of the 
correlated effects of acquisition loss and 
other weather-driven effects, such as 
changes in crop calendars and crop yield. 

ITD depends heavily on the use of 
Landsat and ground-truth data collected 
in regions of the United States that are 
similar to specific foreign crop regions 
for techniques research, development, 
and evaluation. However, no U.S. region 
can fully simulate the foreign region of 
interest (e.g., no U.S. region contains an 
equivalent amount of barley as a 
corresponding region in the U.S.S.R.). 
Therefore, a Landsat data simulation 
capability has been designed which 
allows the construction of simulated data 
sets by merging real data from several 
sites. This Landsat data simulator, 
which is in an advanced stage of develop- 
ment, will allow quantification of the 
effects of varying Landsat acquisition 
history, field size, crop mix, crop 
calendar relationships, crop condition, 
and other factors on analysis results. 

Use of this Landsat data simulator in 
conjunction with the system simulator is 
expected to be the keystone in estimat- 
ing the performance to be expected in 
foreign areas. 

(Key references; FC-j1-00504, FC- 
J 1-04181, FC-jl-04087, FC-L1-00634). 
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Figure 11 Estimating performance in foreign areas through simulation. 


5.2.5 Acquisition of Research Data 

Extensive research data to supp>ort 
future research efforts were obtained in 
FY 1981. These data collections include: 

• Correlated ground observations and 
coincidental Landsat imagery over 
133 sites in four U.S. foreign similar- 
ity regions (fig. 12). These foreign 
similarity regions were selected on 
the basis of similarity of crop mix, 
climate, soil types, and terrain to the 
corn and soybean regions of Brazil 
and Argentina, wheat regions of 
Australia, and wheat and barley 
regions of the U.S.S.R. 

• Partial ground-observation invento- 
ries and coincidental Landsat imagery 
for 16 sites in Argentina. These data 


were obtained with the assistance of 
the Argentina Government and the 
SR project. 

• Landsat data obtained in Argentina, 
Australia, and Brazil for use in future 
research and development activities. 

• Ground-observation data and Landsat 
imagery for six Australian segments 
from the crop year 1979-80. Also, 
plans have been developed for col- 
lecting ground-observation and 
Landsat data over 20 sites in 
Australia in FY 1982 in cooperation 
with the representatives of the 
Commonwealth of Australia. 

(Key references: FC-J1-04181, FC- 
H-04087, FC-J1-04108, FC-L1-04120, 
FC-jl-04130, FC-L1-00639). 
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Figure 12 •- FY 1981 foreign eimilarity regions. 


5.2.6 Sponge, a Generalized Moisture 
Indicator 

The crop moisture index (CMI) is cur- 
rently used in many AgRISTARS projects 
to assess moisture conditions. It includes 
a two-layer soil water model and poten- 
tial evapotranspiration calculated with 
Thornthwaite’s method. Some of its 
requirements restrict its use to regions 
for which long-term average data, as 
well as current precipitation and tem- 
perature data, are available. An addi- 
tional restriction inherent in the CMI is 
that it is an indicator of regional nrrais- 
ture for periods of at least a week and 
may give unreliable results when applied 
to a single station on a daily basis. 


For these reasons, an evaporation 
model was developed which estimates 
monthly total evaporation in inches from 
vapor pressures corresponding to the 
mean monthly maximum and minimum 
temperatures. This result allowed the 
development of a simple moisture 
indicator with a sound physical basis that 
used common meteorological variables, 
was suitable over a broad range of 
climates, and was applicable to a single 
station. The resultant was named 
'sponge.' Figure 13 shows a conceptual 
illustration of sponge. 
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Figure 13,- The eponge moisture variable. 


The sponge model is described as a 
simple medium with 8 inches of water- 
holding capacity which is initialized half- 
full of water 4 to 6 months prior to use. 
Each day, in accordance with the 
hydrologic cycle, water is added to the 
medium from precipitation and lost 
through evaporation. Precipitation (both 
liquid and frozen) is added at the full 
amount until the layer is saturated. It is 
this sponge-like behavior which gives the 
variable its name. Any additional 
precipitation is assumed to be lost as 
runoff or drainage. 


Comparison for the year 1980 
(fig. 14) indicated the incremental 
sponge values to be well correlated to 
range and pasture feed conditions (as 
rer>orted in the USDA Weekly Weather 
and Crop Bulletin) over the U.S. Great 
Plains, U.S. Corn Belt, and Mississippi 
Valley. 

(Key references: FC-J 1-04087, 
FC-L1-041S2). 
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5.2.7 Sample Frame Developmant 
Activities 

A sample frame was created for 
selected geographic areas in Brazil to 
support the development and testing of 
area estimation methodology. The 
sample frame was oeveloped for three 
provinces (Parana, Santa Catarina, and 
Rio Grande do Sul) and was constructed 
in a manner that would maximize sam- 
pling efficiency for corn and soybeans. 

Work units were divided into homoge- 
neous areas based on Landsat imagery. 


field patterns, and soil type. Digitized 
homogeneous polygons were 'registered* 
to a segment grid. The following charac- 
teristics of each potential segment were 
specified: percentage of cultivated area, 
percentage of area devoted to corn or 
soybeans, field size, and soil type. Both 
segment unit information and polygon 
information are stored in Statistical 
Analysis System (SAS) data set form. 
Development of a sample frame for 
selected crop regions in Argentina is 
currently underway. 
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Figure 14,- Relationship of sponge values to 
1980 range and pasture conditions. 


5.3 YIELD MODEL DEVELOPMENT 

5.3.1 Technical Objectives 

The general objective of the YMD 
project is to develop improved yield 
estimation techniques for use in fore- 
casting crop production in foreign and 
domestic areas. The focus of this effort 
in FY 1981 was on: 

e Selecting the most accurate regres- 
sion yield model for each of four 
crops (barley, corn, soybeans, and 

wheat) over selected areas of the 
United States. 

• Providing the required yield esti- 
mates to ITD for crop production 

estimation. 

• Estimating solar radiation from data 
provided by the metsat series of 
satellites. 

• Acquiring crop growth simulation 

model documentation and data to test 
these models. 

• Developing a soybean growth simula- 
tion model for yield estimation. 


5.3.2 Selection and Evaluation of Yield 
Models 

Available regression yield models 
were tested at the Joint Modeling Center 
in Columbia, Missouri, joint recommen- 
dations by NASA, NOAA, and USDA 
personnel were made to the ITD project 
manager for the use of two barley, one 
corn, one soybean, and one wheat model 
for production estimation. 

Monthly yield estimates for two crop 
years for wheat and barley and one crop 
year for corn and soybeans were provided 
to the ITD project manager. 


5.3.3 Acquisition and Tattino of Yield 
Models 

Wheat growth simulation model 
documentation was obtained from five 
researchers and installed on a USDA 
computer network by a joint ARS-SRS 
group in Fort Collins, Colorado. Two of 
these models were tested, and recom- 
mendations for improvement were made 
to the developers based on evaluations 
completed. 

Crop-growth, weather, and yield data 
were obtained from several ARS sites 
around the United States for testing. 
Access to U.S. Air Force satellite- 
enhanced agricultural-meteorological 
(agromet) data for current real-time 
testing has been arranged. 


5.3.4 Meteorological and Climatological 
Data 

Historical daily data (1974-79) from 
some 2500 reporting stations worldwide 
were assembled by the National Climatic 
Center (NCC), EDIS, and NOAA. Data 
for earlier years (1964-73) are being 
processed. 

Current solar radiation measurements 
from GOES satellites were produced by 
the National Environmental Satellite 
Service (NESS) and evaluated by EDIS. 


5.3.5 Improvement of Plant Process Models 

Nutrient and water uptake submodels 
have been incorporated in a corn simula- 
tion model. A wheat simulation model 
was adapted to barley. Moisture stress 
and energy inputs are being related to 
photosynthesis in soybeans. 
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5.4 SUPPORTING RESEARCH 
5.4.1 Technical ObjactivM 

During FY 1981, the major thrusts of 
the SR project were fv .used on meas* 
urements, preprocessing, and automated 
information extraction techniques 
required for developing an efficient and 
accurate crop acreage estimation tech- 
nology and crop condition assessment 
technology. Improved methods are under 
development for monitoring crop condi- 
tion and estimating crop acreage to sup- 
port production forecasts of small grains, 
corn, and soybeans in foreign areas. To 
support this effort, research is being 
performed in the areas of crop identifi- 
cation, crop area estimation, crop stage 
of development, and use of spectral 
inputs to assess crop condition. 


5.4.2 Development of a Wheat Stress Index 
Model 

The wheat stress index model relates 
the daily crop moisture stress of wheat 
and its phenological development. The 
model was developed using improved 
thermal and photothermal responses and 
by adding a moisture stress index vari- 
able to account for the effect of mois- 
ture on phenology. The model also has 
the capability to accept spectral data as 
an input for estimating planting date, 
leaf area index, and soil moisture. 

The wheat stress index model has two 
main components; namely, a biological 
clock that generates the phenological 
progression of the crop and a daily crop 
moisture stress index (fig. 15). Crop 
phenology is modeled from temperature 
and photoperiod responses of the crop 
from emergence to physiological matur- 
ity. The influence of the crop moisture 
deficit condition on phenological devel- 
opment is an important input parameter 
to the model which simulates the slowing 
down and hastening effects on develop- 


ment due to moisture stress. The crop 
nwisture stress index is derived from 
simulation of water relations in the soil- 
plant-atmosphere continuum. The stress 
In'^ex reflects the moisture deficit condi- 
tion of the crop relative to the available 
soil moisture, the evaporative demand of 
the environment, and the crop water 
requirements at a given stage of 
development. 

Evaluation of the wheat stress index 
model, including a comparison with the 
Robertson Biometeorological Time Scale 
model, has been completed using an 
independent data set acquired over the 
U.S. northern Great Plains during the 
1980 crop year. The two noodels were 
initiated using the same form for pre- 
dicting emergence dates. The predicted 
emergence dates were found to be well 
correlated (r ■ 0.97) with the ground- 
observed emergence dates for each of 
the 204 fields with no indication of bias. 
The growth-stage predictions for both 
models were well correlated with the 
ground-observed estimates of growth 
stages from tillering through maturity. 
However, the wheat stress model pro- 
vided significant improvement over the 
Robertson model based on a fleld-by- 
field growth stage error analysis. Eighty 
percent of the wheat stress model esti- 
mates were within 0.5 stage of the 
ground-observed estimates, while only 
68 percent of the Robertson model esti- 
mates were within 0.5 stage. The 
improvement occurred primarily in the 
heading and seed development stages for 
spring wheat. High accuracy for these 
stages is especially important for crop 
identification using remotely sensed data 
and for yield estimation, since stress 
during these stages can reduce yield by 
as much as 50 percent. The model has 
been requested by USD A for evaluation 
for use in their operational system. 
Further improvements to the wheat 
stress model are anticipated by incorpo- 
rating spectral data to estimate planting 
date, leaf area index, and soil moisture. 
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Figure 25.- Simplified diagram of the floQ of the 
wheat etreee indioator model. 


5.4.3 Simulation of Spacwraft Sanson 

This effort is important not only for 
projecting the performance of new 
spacecraft sensors such as the TM prior 
to launch but also in evaluating the sen* 
sitivity of information extraction algo- 
rithms (e.g., crop identification, crop 
condition, and crop stage) to the varyir^g 
conditions under which the data are 
taken. With use of the simulated data, 
selected variables can be held constant, 
while the variable of interest is changed, 
and the sensitivity of the algorithm 
evaluated. For example, the Impact of 
impure pixels (which include fortlons of 
more than one field) on classification 
performance can be examined as a func- 
tion of registration error. SIr.i'arly, the 
effect of acquisition loss (due to cloud 
cover, etc.) at various times during the 
season on the accuracy of the informa- 
tion extraction algorithm can be 
examined. 


Simulation of spacecraft imagery 
over agricultural areas requires the field 
structure, sensor response, crop reflect- 
ance distribution, atmospheric charac- 
teristics, and cropping practices to be 
modeled. Two approaches have been 
used in the SR project for generating the 
simulated TM data. In the first 
approach, an aircraft scanner (NS-001), 
which is similar to the TM, was used to 
collect data over a corn and soybean 
area in Webster County, Iowa. These 
data were then scan-angle corrected, 
calibrated, rectified, and resampled so 
that the data closely approximated TM 
data (fig. 16). This approach has the 
advantage that true agricultural field 
boundaries are maintained and that true 
variability within and between fields is 
observed. However, it has the disadvan- 
tage that the aircraft data must be 
corrected for scan angle, etc., and that 
numerous aircraft missions must be 
flown to simulate a crop year. 
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Figure 16.- Simulated TM data (2.08 to 2.35 micrometere) 
for Webster County, Iowa, on August 30, 1979. 


The second approach involves model- 
ing and simulation based on field spec- 
trometer data. The data a^e first 
converted to the TM bands, calibrated, 
and a raster scan of the data at T M and 
MSS resolutions displayed using field 
boundaries deiived from aerial photog- 
raphy. To use this approach, realistic 
estimates of within and between field 
variability must be in*orporated in the 
models. Using these fielo variability 
models, one can control characteristics 
of the scene such as the spectral distri- 
bution of each croi>, the spectral distri- 
bution of the boundary (or mixed) pixels, 
and the field-si/e diiiribution. Acqui- 
sition dates can be simulated to reduce 
the large number of aircraft flights by 
incorp>orat ing a temporal model of the 
crop reflectance. Figures 17 ■*nd 1H 
show images generated using this tech- 
nique at Landsat TM resolution versus 


MSS resolution for a small grains and 
corn area in Kingsbury County, South 
Dakota. The improved resolution of the 
TM shows much improved field bound- 
aries, especially for the strip/fallow and 
small fields. Research has shown that 
75 percent of the crop pixels will be pure 
for T M scenes, whereas only 35 percent 
of the crop pixels will be pure for the 
MSS scenes (fig. 19). 

Research is also underway to merge 
these two simulation approaches with a 
third type which uses a crop reflectance 
model and a crop development model or 
growth model. This will allow even more 
flexibility in performing sensitivity 
analyses of crop scenes since the crop 
profile will be generated without assum- 
ing the applicability of an empirically 
derived temporal model. Sensitivity 
studies of crop reflectance to leaf area 
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Figure 17. - Simulated TM scene of a epning wheat segment. 
(Blue, green, and red represent TM channels 2, 3, and 4.) 



Figure 18.- MSS scene of a spring wheat segment. (Blue, green, and 
red represent MSS channels 4, S, and ?.) 
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Hgur* 19,- Proportion of a erop in puro pixol§ ob a 
function of $«n»or re»olution§. 


index, biomtfs, water itress, etc*, will 
then be feaiibie with only minimal air* 
craft and field spectrometer data. In the 
near future, these simulation tools will 
be used to Investigate the effect of the 
boundary pixels on classification per- 
formance, the temporal sampling effect 
on classification performance, and the 
improvements of TM over the MSS in 
terms of classification performance. 


5.4.4 Advanced Proportion Estimation 
Procedure 

The Advanced Proportion Estim'^tion 
Procedure (APEP) for estimating a crop 
acreage without requiring manually iden- 
tified training samples is being devel- 
oped. The estimates for this approach 


can be unbiased as a consequence of 
abandoning previously used classification 
approaches in favor of a 'direct* method 
for estimating crop acrease. 

The major functional elements of 
APEP are shown In figure 20. By using 
models of crop growth (called profile 
models), successive Landsat acquisitions 
of data over time are transformed into a 
sequence of growth variable values. 
These transformations reduce extraneous 
effects of the data that are irrelevant to 
crop identificatioru A statistical model 
(called a mixture model) is then used to 
estimate directly the proportions of the 
crops of interest in the Landsat scene. 
To complete the process, each proportion 
estimate must be given a crop name. 
This is referred to as the labeling 
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Figure 20 •- Advanced Proportion Estimation Procedure, 


function. Labeling is achieved by associ- 
ating a predicted growth curve for a 
given crop, as derived from meteoro- 
logical data, with one of the growth 
curves estimated from the mixture 
model. 

In the FY 1980 AgRISTARS Annual 
Report, the crop spectral-temporal pro- 
file was introduced. The profile is a 
mathematical representation of Landsat 
multidate data. This repre<entation of 
the MSS data permits an extraction of 
agronomically significant features of the 
crop such as planting date, growing- 
season length, and rate of greenup and 
senescence. The area estimation pro- 
cedure, based on these agronomic vari- 
ables, has been developed for the 
separation of corn, soybeans, and other. 
It has been implemented and tested on 
data acquired in 1978 and 1979. Results 


of the verification tests show a nearly 
unbiased estimate of the three crop 
categories. 

Figure 21 shows a histogram of the 
rate of greenup calculated from Landsat 
MSS data acquired over an AgRISTARS 
segment in Iowa in 1978. This shows 
clearly the separation that is possiblc 
between the three categories. Using 
various other variables calculated from 
the Landsat, the analyst can objectively 
and in very short time (less than 1 hour) 
label 15 to 20 pixels per class. A linear 
classifier is trained on these pixels, and 
decision planes defining the crop 
categories are determined. Using these 
planes, each pixel is then classified. This 
technique shows promise of complete 
automation and indicates that area 
estimation as early as 60 days after corn 
planting is possible. 
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Figure 21 Hietogram of the rate of greenup 
for com, soybeans, and all other. 


5.4.5 Registration 

In the Large Area Crop Inventory 
Experiment (LACIE), registered multi- 
date MSS data were provided by the 
Goddard Space Flight Center (CSFC) 
LACIE processor. This system provided 
registration at the level of 1974 state- 
of-the-art technology. Many of the 
AgRISTARS applications are poorly 
served by that accuracy of approxi- 
mately 1 pixel. AgRIST ARS is now using 
data processed at CSFC and further 
refined by the registration processor at 


the Johnson Space Center (JSC). Prelim- 
inary estimation of the registration 
accuracy with this combined system is at 
or below 0.5 pixel. Further improve- 
ments toward the goal of 0.2 pixel 
accuracy are in work. 

In summary, the 1981 effort in 
supporting research has resulted in 
substantial technical progress and has 
placed the project in a strong position to 
initiate the work to be performed in 
subsequent years. 
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5.5 SOIL MOISTURE 

5.5.1 Technical Obj«ctives 

The principal objective of the SM 
project is to gain a fundamental under- 
standing of the dynamic properties of 
soil moisture and to develop the capabil- 
ity of predicting moisture conditions 
over large areas. The ultimate goal is to 
specify (but not implement) an opera- 
tional soil moisture measurement system 
that can accurately, and in near real 
time, provide soil moisture data in the 
root zone of soils over large land areas. 

Specific technical objectives during 
FY 1981 focused on the following: 

• Sensor development and evaluation. 

• Collection of field data, both ground 
and airborne, to assess predictive 
models. 


• Modeling and remote sensing data 
analysis. 


5.5.2 Summary of Accomplishments 

Significant progress has been made in 
the AgRISTARS SM project since its 
inception toward meeting the goal of 
developing technology to estimate soil 
moisture profiles from remotely sensed 
and ground sensor data. Major result* 
have been: 

• The impact of soil temperature and 
soil texture on microwave soil mois- 
ture measurements has been resolved. 
Figure 22 shows that the )et Propul- 
sion Laboratory (JPL) model and the 
CSFC model produce results that 
agree with observed microwave 
brightness temperatures in two 
significantly different locations. 



tM 110 200 230 2«0 200 2M 300 


calculated 1 42 GHz BRIGHTNESS 
TEMPERATURE. K 


Figure 22.- Comparison of model results using California and 
Maryland data taken in fields with similar soil textures. 

(The figure includes both horizontal and vertical polarization.) 
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• Roughness effects in terms of surface 
height variations and horizontal 
correlation are understood. Figure 23 
illustrates the agreement between 
backscatter theory and measurements 
for three different roughness scales. 

• The effects of vegetation on micro- 
wave soil moisture measurements 
have been quantified. Figure 24 
shows that vegetation must be 
considered when volumetric moisture 
content (in grams per cubic centi- 
meter) is calculated from brightness 
temperatures and that approaches to 
consider vegetation have been 
developed. Figure 25 is a further 
indication of this fact. 


4 Substantial agreement has been found 
between theory and measurement of 
the penetration depth (the depth of 
soil moisture effects) of microwave 
signatures at X-, C-, and L-bands. A 
comparison of the graphs in figure 26 
shows that the percentage of esti- 
mated gravimetric soil nK>isture 
agrees with the measured 0- to 
2-centimeter dry-down curve. There 
is also a diurnal variation of sampling 
depth that varies within the 0- to 
2-centimeter region. It appears that 
time of day may be an important con- 
sideration in remote sensing of soil 
moisture. 



Figure 23,- Comparieane between theory and haokeoatter maeuremente from soil 
eurfaaee with three different roughneee eoalee at 1,1 gigahertz. 
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Figure 24,- The effect of vegetation on caloulated 
volumetric soil moisture content. 



Figure 25,- Accounting for vegetation effects in emissivity model 
by using the water content of vegetation, (The observed and 
predicted emissivity values were made at the Belteville 
Agricultural Research Center using the water content model,) 
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Figure 26 •- A oomparieon of soil noieture and mto-rowave 
dry-down eurvee in a smooth field. 


• A preliminary resolution analysis has 
started. Initial results indicate that a 
100-meter resolution is probably the 
minimum resolution that would be 
required for regional soil moisture 
determination. 

• Ground Scatterometer System (CSS) 

data were analyzed to determine the 
nature of row-structure and row- 
direction effects on L-, C-, and 

X-band measurements. 

• Procedures were developed to allow 
the testing of soil moisture estima- 
tion algorithms driven by remotely 
sensed data. 

• A model to predict the soil moisture 
characteristic (water tension versus 
volumetric soil moisture content) 
from particle-size distribution and 
bulk density data was refined and 
tested against about 190 measured 
data sets. 

• Experiments were initiated to study 
the relationship between surface- 
zone soil moisture and winter wheat 
and sorghum yields for corn and soy- 


beans, as well as the relationships 
between surface-zone soil moisture, 
surface flux, and subsurface moisture 
conditions. 

• Initial requirements were determined 
for a nuclear magnetic resonance 
(NMR) - a technology using magnetic 
fields to identify specifications - soil 
moisture measuring instrument, and a 
proposal for its construction has been 
accepted. A prototype of this instru- 
ment will be ready for preliminary 
testing during FY 1982. 

• A bibliography of soil moisture 
research has been started. Although 
it is not in a publishable form yet, 
there are about 800 citations listed. 
This work will continue during FY 
1982. 

• A soil-plant-atmosphere-water model 
(called SPAW) was verified by running 
it against known amounts of soil 
moisture for 2 years. Calibration of 
the model appears to be quite accu- 
rate. Verification of the model run 
with data from six different areas of 
the country will be done in FY 1982. 
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5.6 DOMESTIC CROPS AND LAND 
COVER 

5.6.1 Technical Objectives 

The principal aims of the DC/LC 
project are (1) the evaluation of research 
techniques for area estimation and 
development of an operational procedure 
for crop acreage estimation and (2) the 
development of remote sensing tech- 
niques to satisfy the land cover 
information needs of USOA. 

Technical objectives during FY 1981 
focused on the following: 

• Developing, testing, and evaluating 
operational procedures for estimating 
the acreages of major crops over 
large areas, such as at the state 
level. 

• Assessing and improving current 
techniques, such as automatic digiti- 
zation, for registering and processing 
data. 

• Conducting a first-time study which 
integrated basic land cover defini- 
tions into a USDA operational survey 
in order to estimate land cover 
acreages. 

• Conducting simulation studies on the 
performance of new spaceborne 
sensors. 


5.6.. 'timation of Acreage of Major 
Crops 

Information on field locations (crops 
or land cover) and acreage derived from 
the USDA/SRS June Enumerative Survey 
(JES) provided the ground-truth data for 
correlation with Landsat data. During 
FY 1981, data from Iowa, Kansas, 
Missouri, and Oklahoma were employed 
in the effort to develop operational 
techniques. Slight changes to the field 


survey procedures were needed to iden- 
tify continuous areas of wasteland in 
crop fields and to extract the reported 
information in a unique field-identified 
format. 

For the 1980 crop year, estimates of 
harvested winter wheat acreage in 
Kansas and planted corn and soybeans 
acreages in Iowa were calculated by 
combining available Landsat data with 
ground data. These data were utilized by 
the USDA Crop Reporting Board. For 
the 1981 crop year, estimates of har- 
vested winter wheat acreage in Kansas 
and Oklahoma and of planted corn and 
soybean acreage in Iowa and Missouri 
were made utilizing Landsat digital data 
in combination with ground data. For 
the 1982 crop year, two additional 
states, Colorado (for winter wheat) and 
Illinois (for corn and soybeans), will be 
added to the project. The operations 
implemented in Iowa, Kansas, Missouri, 
and Oklahoma in 1981 will also be 
resumed. 


5.6.3 Evaluation of Accuracy of 
Multitemporal Registration 

Use of scene-to-scene registration 
for multitemporal classification should 
provide improvement over single-date 
classification for crop acreage estimates 
and the detection of land cover change 
over time. The goal is to attain regis- 
tration accuracies of 40 meters root 
mean square error (RMSE) for a uni- 
formly distributed network of 200 points 
falling over 85 percent of a scene. Both 
the USDA/SRS and the NSTL/ERL have 
developed procedures for overlaying and 
registering sequential Landsat passes. 

In order to represent various surface 
conditions, 3 test sites were chosen 
within each of 4 general land use cate- 
gories, for a total of 12 test sites. The 
principal accomplishment during FY 1981 
was the implementation of procedures to 
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calculate the errors In positional accu- 
racy for scene-to-scene registration of 
two dates for each of the 12 test sites 
and to compare the results from both 
procedures for 8 of the sites. (See 
table 1.) The N STL/ERL registration 
accuracies ranged from 16 to 40 meters 
RMSE, with an average of 31.6 meters. 
The USDA/SRS procedure resulted in 
accuracies at the 40-meter target. The 
NSTL/ERL results were significantly 
more accurate for five of the eight 
scenes; for these five scenes, the 
average accuracy improvement was 10 
meters RMSE. 


5.6.4 Evaluation of Current Scene-to-Map 
Registration Accuracy 

The registration of Landsat data to a 
map (and thereby to the ground) is essen- 
tial for deriving accurate information 
from Landsat. The current USDA/SRS 
procedure involves two stages of regis- 
tration. Automatic procedures are being 
evaluated as possible replacements for 
either or both stages. 

During the last year, a study was 
made to determine the accuracy of the 
P-format registration provided by the 
Hotine tick marks of the computer- 
compatible tapes (CCT's). The results of 
this study are documented in AgRiSTARS 
report DC-Y 1-04069, entitled 'An 
Evaluation of MSS P-Format Data 
Registration.* 

During FY 1981, an algorithm was 
developed that enhances field boundaries 
within the Landsat data. This algorithm 
is part of the process used in developing 
the Automatic Segment-to-Map Algo- 
rithm (ASM A). As a test, 20 segments 
from Landsat scene 21980-16264 were 
shifted manually by two USDA/SRS 
analysts and by ASM A. The results from 
ASM A for 17 of the 20 segments were 
either identical or very close to shifts by 


at least one of the analysts. However, 
the algorithm gave very misleading 
results in the other three cases, and 
modification is needed to identify these 
'problems.* 


5.6.5 Improvement of Clustering and 
Classification 

During FY 1980, DC/LC determined 
that CLASSY (a classification software 
package developed by NASA/JSC) 
showed a significant improvement over 
the procedures used by USDA/SRS at 
that time to cluster data of a specific 
crop. In FY 1981, the CLASSY proce- 
dure was installed in the USDA/SRS 
EDITOR software system and used 
successfully for all classifications. The 
results indicate that CLASSY required 
higher computer processing unit (CPU) 
resources than expected. Training set 
seiection procedures were reevaluated, 
and possible efficiencies will be explored 
in FY 1982. 


5.6.6 Land Cover Clatsification/Mapping 
Algorithms 

Multiband, multitemporal, and trans- 
formed Landsat MSS data sets were 
analyzed using pattern recognition 
procedures empioyed by USDA/SRS and 
NSTL/ERL for the purpose of land cover 
area estimation. The analyses had in 
common the use of field-verified land 
cover data for training and accuracy 
testing in the form of 33 JES segments, 
typically 2.5 square kilometers in size. 
Corn, soybeans, hay/permanent pasture, 
and dense woodland predominate in the 
landscape of the 11-county north-central 
Missouri test area and were the four land 
cover types studied. 

Muititemporal data sets gave signifi- 
cantly higher ciassification accuracies 
than any single-date Landst data set for 


TABLE 1.- COMPARISON OF TEST RESULTS FOR TWO 
MULTITEMPORAL REGISTRATION PROCEDURES 



Accuracy, m 

F-test results,* 

I. and cover type 

N5TL/ERL 

USOA/5R5 

NSTL/ERL vs 
USDA/SRS 

A|(riculturp 




Aritona 

3S.008 

43.521 

Significant 

South Dakota 

26.916 

42.753 

Significant 

Miitouri 

4U.401 



Range 




Kansas 

37.603 

38.813 

Not significant 

Idaho 

31.810 

46.058 

Significant 

Oklahoma 

28.320 



Forest 




Colorado 

36.875 

39.035 

Not significant 

South Carolina 

33.488 



Idaho 

25.741 

32.575 

Significant 

stixed 




Kentucky 

32.894 

39.552 

Not significant 

North Carolina 

33.691 

38.447 

Significant 

Mississippi 

16.236 



Average 

31.582 

40.094 



*The hypothesii ii Ojgj ^ ® 


data processing procedures used by both 
USDA/SRS and NSTL/ERL. (See 
table 2.) Multitemporal analysis using 
only Landsat MSS bands 5 and 7 showed 
no significant difference in overall clas- 
sification accuracy from analysis using 
bands 4 and 6 in addition to bands 5 and 
7. Transformed data sets also failed to 
Improve classification accuracies signifi- 
cantly, but rather served as a means of 
reducing data from four to two channels, 
thus decreasing processing time. 


5.6.7 Change Detection and Monitoring 

Sites were specifically selected for 
evaluation of change detection tech- 
niques including one In Louisiana where 
bottomland forest is being converted to 


cropland, a second In southwestern 
Kansas where rangeland Is being con- 
verted to irrigated cropland, and a third 
in central Arizona where rangeland and 
cropland are being converted to urban 
residential use. 

Four methods of change detection in 
cropland areas have been developed and 
are currently being evaluated: 

• Postclassification differencing 
Spectral data from two different 
dates are reduced to user-defined 
land cover groupings via automated 
signature development and maximum 
likelihood classifier algorithms. 
These two dates are then registered 
cell to cell and compared for changes 
in specific land cover distributions. 
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TABLE 2.- ELAS® CLASSIFICATION RESULTS FOR FIVE MULTIBAND, MULTITEMPORAL 
AND TRANSFORMED LANDSAT DATA SETS FROM ANALYSIS OF 
33 JES SEGMENTS IN NORTH-CENTRAL MISSOURI 
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Composite classification direct 
change “ Scenes from two dates are 
registered and then classified, 
producing a mapped area of change 
classes which are then named as to 
type of change. 

Radiance value shift - Data are over- 
laid for two dates and tested for dis- 
tance and direction of changes in the 
cell-to-cell reflected signal response 
of various representative cover types. 

Regression model - A model is devel- 
oped which best describes a predic- 
tion between time 2 (latest) data as a 
function of time 1 (oldest) data. The 
determination of a threshold value 
allows each pixel to be designated a 
change or no-change status based on 
the relative position of its value with 
respect to the threshold. 


During FY 1961, each of these four 
methods was tested with Landsat MSS 
data acquired during 1974 and 1979 for 
the Louisiana site. Wall-to-wall land 
cover change was interpreted from color 
infrared aerial photography, field 
checked, digitized, and used to verify the 
accuracy of the change-detection 
methods. The results indicate that all 
four methods were adequate with respect 
to accuracy, as shown in table 3, with 
the main differences being the ease of 
implementation and usage time. Evalu- 
ations for the Kansas and Arizona sites 
are scheduled for completion during 
FY 1982. 

Because the four previously outlined 
change-detection methods are mainly 
sensitive to changes in dense veget'^tion, 
a fifth method is being developed for 
monitoring land resource degradation in 
arid and semiarid rangelands. 


TABLE 3.- ACCURACY TABULATION TABLE 


between I indiai retuitt arsd 
aerijl photoint«rpr«t6lion/iround truth 


Oitair««mtnt between Landsat results and 
aerial pbotointerpretation/ground truth 

























5.6.8 Land-Covtr StudiM 


Under DC/LC, the USDA hai a 
requirement to develop procedures for 
identifying and monitoring land cover 
categories. During FY 1981, a land 
cover study was conducted in Kansas to 
estimate land cover categories with the 
operationjf! JES of USDA/SRS and 
Landsat data. The definitions of land 
cover categories were successfully 
implemented in this special study and 
will be adapted again for the JES in 
Missouri in 1982. 


5.6.9 Studies of New Sensors 

In 1981, a TM simulator was used to 
analyze crop classification results that 
should be possible from the TM as com* 
pared to the MSS. An experiment was 
designed to study the effects of the 
additional bands, additional spatial 
resolution, and improved quantization. 

The experimental data collected over 
northern Missouri indicate that both 
increased bands and better spatial 
resolution improved the classification 
results significantly, whiU the improved 
quantization did little to Improve clas- 
sification results. 

TM data should greatly improve 
USDA/SRS crop acreage estimates if the 
data are acquired at optimum times. 
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5.7 RENEWABLE RESOURCES 
INVENTORY 

5.7.1 Technical ObjcctivM 

The general objectives of RRI project 
activities are to develop, test, and 
evaluate methods for applying new 
remote sensing techniques to the 
inventory, monitoring, and management 
of forest and rangeland renewable 
resources. The particular technical 
objectives in FY 1981 were focused on: 

• Improving methods for the collection, 
display, and use of resource infor- 
mation for forest management and 
planning. 

• Evaluating Landsat technology as a 
tool for supporting multiresource 
inventories and forest planning. 

• Demonstrating the capabilitv to 
monitor, classify, and measure 
disturbances and changes in forests 
and rangeland. 

• Improving the capability to map and 
characterize natural and managed 
habitats. 

• 'mpruving the capabilities of high- 
altitude sonsors. 


5.7.2 Forest Management and Landsat 
Evaluation 

The pian for the final phase of the 
Multiresource Inventory Methods Pilot 
Test has beer, written. This phase will be 
conducted on a test site in Idaho in 
FY 1982. 

During FY 1981, several studies were 
conducted to support forest management 
and Landsat evaluation: 

e Quantitative evaluation of two 
different clustering algorithms, the 


Iterative Self-Organizing Clustering 
System (ISOCLS) and CLASSY, was 
performed using Landsat MSS data on 
a site in northern Idaho. 

• Land management planning require- 
ments were defined for the San juan 
National Forest in southwestern 
Colorado. An implementation plan 
was developed so that an efficient 
and effective system of resource data 
management, utilizing remote sensing 
and other techniques, can be designed 
and implemented for the next 
planning cycle (after 1985). 

• A site-specific accuracy assessment 
was performed using land cover 
information derived from Landsat 
MSS data. The test was performed on 
the San juan National Forest 
southwestern Colorado using 
computer system that implements an 
iterative proportional fitting tech- 
nique to normalize the coefficients 
within classification error matrices. 

• The Video Image Communication and 
Retrieval (VICAR) System software 
was tested on the new NASA/JSC 
AS/3000 computer system to process 
Landsat data for supporting land 
management planning activities. 

e A study was conducted to determine 
if remote access can be achieved in 
accessing data from the Agena 
facility in Houston to the Fort Collins 
Computer Center in Colorado. 

The completion of the final phase of 
the Multiresource Inventory Methods 
Pilot Test is a vital step toward 
determining the extent to which Landsat 
and associated Geographic Information 
System technologies can faciiitate, 
improve, or replace present multi- 
resource inventory methods. 
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5.7.3 Changi and Disturbanct 

Ntw proctdurcs for change dataction, 
ciatsification, and maasuramant of dis* 
turbancci and changai in araai 3 acrai or 
larger within National Forest boundaries 
ware tasted in 1961. Significant results 
and preliminary findings have bean 
obtained from all of these activities. 

Two studies were initiated to assess 
forest disturbances. One study evaluated 
the utility of incorporating high spatial 
resolution digital terrain data with MSS 
data to reduce the confusion between 
spectrally similar forest canopy condl* 
tions such as healthy forest and 
moderate defoliation. The results 
indicate that heavy defoliation is 
separable from either moderate defolia- 
tion or healthy forest but that these 
latter two conditions cannot be consis- 
tently separated, in the other study, a 
standardized, quantitative, gro>. nd-based 
technique was used to investigate the 
effects of forest canopy closure and 
other environmental variables on incom- 
ing solar radiation. Results indicate that 
the percentage of canopy closure is the 
single most important variable affecting 
incoming solar radiation. 

In 1981, a new effort was begun on 
the development of modeling procedures 
to objectively estimate land suitability 
for a variety of uses. The focal point for 
the study is the San Juan National Forest 
in southwestern Colorado. 


5.7.4 High- Altitude Sanson 

Two high-resolution advanced 
panoramic camera systems previously 
integrated into the NASA U-2C aircraft 
were used successfully during 1981 to 
support RRI project activities. Two 
quantitative evaluations were made on 
products from the advanced panoramic 
camera. 


A test was conducted to examine the 
potential utility of Landsat-D TM data 
for mapping forest resources relative to 
the present capabilities afforded by 
Landsat MSS data. The test results 
indicate that for specific type mapping 
purposes the simulated (TM) data showed 
a higher overall classification perform- 
ance (60 percent for TM and 39 percent 
for MSS). 

A simulation study was performed to 
develop procedures for analyzing TM 
data. The study sites were Pearl River 
Basin, Mississippi, Kershaw County, 
South Carolina, and Clearwater National 
Forest, Idaho. The results of this study 
indicate TM data can be successfully 
processed using NSTL/ERL software. 

In addition, a SAR evaluation was 
conducted In 1981. The investigation 
was based on Seasat L-band and aircraft 
X-band SAR data. Preliminary results 
indicate that Seasat L-band SAR data 
improved classification by better 
delineating deciduous forest into several 
subclasses according to varying water 
regimes. Aircraft X-band SAR data have 
been acquired for the summer season; 
winter season data are scheduled for 
spring of 1982. 


5.7.5 Habitat Mapping 

W^.irlc being conducted to test the use 
and applicability of the vegetation 
component of the National Site 
Classification System was completed in 
1981. Considerable work was done on 
habitat type mapping using remotely 
sensed data. 

A test was conducted using a 
computerized spatial analysis system for 
evaluating wildlife habitat from 
vegetation cover maps. Cover maps 
were developed using Landsat MSS 
data. There is a tremendous need to 
further develop quantitative methods for 
evaluating wildlife habitat. 


A study was conducted to evaluate 
procedures for habitat type mapping. 
This involved a digital data base 
consisting of a Landsat cover type map 
and a USD A/SC S soil survey map for the 
7.5*minuce quadrangle in Santa Cruz 
County, California. Results indicate 
there was essentially a split between 
soils classes in correlation with shrubs 
and forest vegetation. 

This work has an important bearing 
on the integration of soils/vegetation 
relationships of different hierarchial 
categories. 
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5.8 CONSERVATION AND POLLUTION 

5.8.1 Technical Objectives 

The general objectives of the C/P 
project are to evaluate the usefulness of 
remote sensing technology to inventory 
and assess conservation practices, to aid 
in water resources management, and to 
monitor the effects of pollution on the 
environment. 

Specific technical objectives of the 
FY 1981 program focused on: 

• Evaiuating selected remote sensors 
for their usefulness in the detection 
of conservation practices and 
integrating remotely sensed data with 
traditional data types into a 
geographic data base. 

• Determining the suitability of present 
and pianned remote sensing data for 
use in existing hydrologic models and 
developing new models or components 
to incorporate remotely sensed data 
for improved simulation accuracy. 

• Using available visible, near-infrared, 
thermal-infrared, and microwave 
satellite data in conjunction with 
radiometric measurements from 
ground-based and aircraft systems to 
determine the effects of snow 
physical properties and changes in 
condition on spectral reflectance and 
passive and active microwaves. 

• Studying the potential use of Landsat 
MSS data as input to water pollution 
models and evaluating methods of 
remotely measuring atmospheric 
oxidants in areas where impact on 
vegetation is suspected. 


5.8.2 Detection of Conservation Practices 

Soils and land use maps of the 
Goodwin Creek watershed were 


prepared. This watershed, located in 
northern Mississippi, is one of the field 
sites selected for studies and evaluations 
of conservation needs. These maps, plus 
information previously assembled on the 
location of specific conservation prac- 
tices, will provide ground-truth data for 
the studies. The maps may also be used 
in evaluating remote sensing techniques 
for the identification and assessment of 
topographic, hydrologic, and ground- 
cover parameters used in hydrologic 
models. Digitizing these data for com- 
puter analysis is underway. Simulated 
TM data depicting summer full foliation 
have been acquired for the Idaho, Illinois, 
Kansas, Mississippi, and Oklahoma test 
sites. 


5.8.3 Water Runoff Analysis 

A study to determine the sensitivity 
of water runoff in storms of differing 
precipitation volume and duration to a 
variety of hydrologic variables has been 
started using Freeze's rurtoff model 
equations. The first variable tested was 
soil moisture, and it was found that 
runoff was extremely sensitive to the 
surface layer (upper 5 centimeters) soil 
moisture for certain rainfall events. 
Runoff sensitivity is greatest in shorter 
duration, lower rainfall volume events 
and less important as the storm length 
and volume increase. Figure 27 shows 
that of the storms tested runoff from the 
3-hour storm (with 2 inches of rainfall) 
was most sensitive to accurate determi- 
nations of the soil moisture. If the soil 
moisture estimate for that storm (with a 
volumetric antecedent soil moisture of 
0.28 centimeter/centimeter) was 10 per- 
cent in error, the resulting error in the 
runoff estimate would be 75 percent 
(Q/Qo. 28 = 1»75). These results indicate 
that there are many situations where 
accurate remote sensing estimates of 
soil moisture would be needed for 
accurate prediction of runoff. 


I 
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SOIL MOISTURE BEFORE 
PRECIPITATION EVENT, cffl/cm 


(VOLUMETRIC ANTECEDENT MOISTURE 
lem/cml IN SURFACE S an| 

Figure 2?.- Runoff eeneitivity to errore in estimating 
surface soil moisture. 


Procedures were de\?'oned and 
tested for using remotely sensed Landsat 
data in the estimation of the USDA/SCS 
runoff curve number. Determining land 
cover for this application using conven- 
tional methods is costly and tedious for 
large areas. Remote sensing offers a 
cost-effective alternative, as proven in a 
series of investigations. A manual of 
procedures was developed from this 
research and is being tested by the 
USDA/SCS. Training sessions for using 
the procedure have been held, and two 
test sites are currently being worked on 
(in Tennessee and Connecticut) with 
USDA/SCS personnel. 

Seven hydrologic models, commonly 
used by water resources agencies, were 
examined to determine their compatibil- 
ity with present and planned remote 


sensing capabilities. Hydrologic 

variables that can be addressed with 
remote sensing were identified: soil 

moisture, land cover, impervious area, 
snowcover extent, frozen ground extent, 
and snow water equivalent. The results 
indicate that remote sensing information 
has only limited value for use with the 
existing models in their present form. 
With minor modifications, however, the 
remote sensing usefulness in the models 
would be enhanced. The two most 
fruitful areas for modifications were 
indicated to be (1) adaptation of the 
National Weather Service snowmelt 
model to accept snow-covered area and 
(2) modification of the National Weather 
Service River Forecas*: System 

(NWSRFS) model to accept remote soil 
moisture measurements. 
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Since the mid-‘1970's, the Landsat 
series of satellites has acquired visible 
and near-infrared observations of the 
Earth at a frequency spatial resolution 
suitable for agricultural assessment pur- 
poses. More recently, satellite systems 
have acquired high-precision thermal- 
infrared data relating to surface thermal 
properties and moisture status. A data 
set from the Heat Capacity Mapping 
Mission illustrates the potential applica- 
tions of such data for inferring evapo- 
transpiration on a regional scale. An 
equation relating mean daily surface 
temperature to evapotranspi ration rates 
yields results which are consistent with 
surface measurements of pan 
evaporation. 

The snowmelt-runoff model is being 
tested on very large U.S. basins, probably 
the maximum sizes on which one would 
wish to apply the model. The initial 
results from tests on the Rio Grande 
Basin in Colorado (3419 square kilo- 
meters) and the Kings River in California 
(3999 square kilometers) indicate that, 
although these basins are about five to 
six times larger than the largest pre- 
viously tested basins, the use of satellite 
snow cover in the model allows success- 
ful simulation of snowmelt runoff. The 
use of the model for forecasting snow- 
melt runoff will be tested in the Rio 
Grande Basin in FY 1982. 

The distribution of soil moisture 
within two small watershed areas near 
Charlottesville, Virginia, is being 
studied. Soil moisture sampling has 
occurred on 10-meter and 1-meter grids 
within these areas. Geostatistical 
analysis procedures have been developed 
and perfected on a data set from 
Switzerland. The Virginia data will be 
analyzed with respect to the influence of 
soil moisture and its spatial distribution 
to the general hydrology of these areas. 

Soil moisture observations have not 
been widely used on modeling because 


they are very difficult and costly to 
obtain. Thus, very little Information is 
available with which to determine their 
value in water management and conser- 
vation. New remote sensing technology 
may change this situation. Studies have 
been conducted to show the potential 
value of soil moisture in infiltration 
modeling and runoff forecasting and thus 
support the continuation of the remote 
sensing research. 

The hydrologic data for the Boise 
River Basin were updated. In addition, 
work commenced on the further devel- 
opment and adaptation of the continuous 
flow simulation (CFS) model to shorter 
time periods in order to assess its suit- 
ability for incorporation in a real-time 
forecast system. The NWSRFS extended 
streamflow prediction (ESP) model was 
obtained, and the source code was evalu- 
ated with respect to the feasibility of 
converting it to run on the PDP 11/34 
minicomputer located at NASA/JSC. It 
was determined that, although the soil 
moisture and snow accumulation and 
ablation portions of the model could be 
converted to run on the minicomputer, a 
major reprogramming effort would be 
required to include all the desired fea- 
tures. The preferred way to use the 
model is through terminal access to the 
system on its host computer located in 
Suitland, Maryland. 


5.8.4 Snowpack Studies 

In order to measure remotely the 
snowpack properties important for agri- 
cultural water supplies and water man- 
agement practices, microwave data and 
radiative transfer models have been 
used. As was shown previously, empiri- 
cal and model results relating snow depth 
and microwave brightness temperature 
are very close. Nomograms based on 
model calculations are shown in fig- 
ure 28. The model was used to predict 
the snow water equivalent using data 
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SNOW WATER EQUIVALENT, cm 

Figure 28,- Brightneee temperature vereue enow water equivalent 
for dry mow over unfrozen soil at various mean mow 
grain sizes, (Incidmae angle equals 50**,) 


collected in truck and aircraft experi- 
ments. As illustrated in table 4, the 
model predictions were close to the 
values measured in the field except in 
situations with a very deep snowpack, 
such as in Switzerland. It was found that 
the model mean snow grain size for the 
Switzerland data was unrepresentative; 
however, when it was changed to a more 
realistic value, the model predictions 
corresponded closely. 

Reasonable agreement between in 
situ field measurements of snow reflect- 
ance and theoretical predictions of snow 
albedo was demonstrated in a qualitative 
sense, but quantitative agreement 
requires rationalization of individual 
measurement conditions. The results 
indicate the need for a better character- 


ization of crystalline structure of snow 
and that current field methods of meas- 
uring liquid water content in snow may 
need to be improved. 

Snow boundaries can usually be 
defined by the 37-gigahertz or 18- 
gigahertz data because of the sharp 
decrease in brightness temperature when 
going from land to snow. For dry snow, 
the 37-gigahertz data display a decrease 
in brightness temperature as a function 
of snow depth because of the stronger 
volume scattering effect of deeper snow. 
The onset of snowmelt is best defined by 
the microwave sensor because of the 
significant increase in the brightness 
temperature. Ihe overall capability of 
microwave sensing of snow properties is 
shown best around 37 gigahertz. 
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TABLE 4.- COMPARISON OF MODEL PREDICTIONS* OF SNOW WATER EQUIVALENT 
USING TRUCK-MOUNTED EXPERIMENTAL DATA AT 37 GIGAHERTZ 
WITH GROUND-TRUTH MEASUREMENTS 


Test site 

Brightness 
temperature, K 

Incidence 
angle, deg 

Polarization 

Snow water equivalent 

Measured, 

cm 

Predicted, 

cm 

T ruckee, California 

233 

45 

Vertical 

10 

■n 


210 

45 

Vertical 

20 


Steamboat Spring, Colorado 

205 

57 

Horizontal 

10 



188 

57 

Horizontal 

20 

MM 

Fraser, Colorado 

210 

50 

Vertical 

21 

H 

Davos, Switzerland 

210 

55 

Vertical 

50 



*One mean snow crystal radius of 0.35 mm was assumed for all data. 

mean snow crystal radius of 0.25 mm produces a predicted snow water equivalent of ~50 cm. 


Satellite-derived snow maps some- 
times disagree with the traditionally 
prepared maps and thus can provide an 
improved portrayal of the spatial distri- 
bution of snow. Geostationary satellite 
images were found to be more useful 
than those from polar-orbiting satellites 
because of consistent geometric charac- 
teristics and greater frequency of cover- 
age. Masking effects of forests severely 
impair the ability to interpret snow 
extent visually on most dates. Quantita- 
tive relationships were found between 
visible band brightness and snow depth in 
nonforested test sites (r^ < 0.86). A 
digital snow-mapping technique was 
applied to forested test sites with fairly 
good success. 


5.8.5 Pollution Assessment 

During FY 1980, it was reported that 
initial sediment tests in the Langley 
Marine Unwelled Spectral Signature 
Laboratory (MUSSL) indicated that band 
4 of the TM instrument appeared to have 
good potential for quantifying high sedi- 
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ment loads in reservoirs and rivers if 
appropriate atmospheric correction 
techniques could be developed. Initial 
MUSSL data indicated good signal dis- 
crimination for sediment concentrations 
between 80 and 783 milligrams per liter 
for wavelengths between 760 and 900 
nanometers. During FY 1981, additional 
laboratory tests of sediments from Lake 
Chicot, Arkansas, and ]ohn H. Kerr 
Reservoir, Virginia, were conducted. 
These data confirm the FY 1980 labora- 
tory results and suggest that concentra- 
tions as high as 1000 milligrams per liter 
may be discriminated with TM band 4. In 
addition, a study of historical Landsat 
data was completed for the Lake Chicot 
region. Those results indicate high 
reflectance in MSS band 7 (800 to 1100 
nanometers) for high water turbidities 
which tend to confirm the laboratory 
results in a qualitative manner with 
actual flight data. 

The FY 1981 MUSSL tests were used 
to evaluate several other factors in addi- 
tion to the basic sediment spectral signa- 
ture data discussed above. One factor 
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was the definition of remote-sensing 
penetration depth and preferred water 
sample depth over a wide range of sedi- 
ment concentrations. These data were 
first measured using sediments from 
Kerr Reservoir (fig. 29), and the accu- 
racy of the measurements was confirmed 
during subsequent field experiments at 
the reservoir. The recommended depth 
for water sampling was taken from 
theoretical radiative transfer calcula- 
tions and is the location at which 50 per- 
cent of the signal originates from below 
that point and 50 percent is caused by 
the water column above that depth. 
These data suggest a rule of thumb for 
waters with high sediment loads. For 
remote sensing experiments at visible 
wavelengths, water samples should be 
taken at a depth equal to 12 percent of 
the observed Secchi depth (the depth at 
which light is no longer visible from a 
standard, reflective target). It should be 
recognized that 90 percent of the signal 


originates in the layer above the remote 
sensing penetration depth, which is 50 to 
75 percent of the Secchi depth. Subse- 
quent MUSSL tests with Lake Chicot 
sediments confirmed these trends, which 
should be useful during future 
experiments conducted by USD A. 

Another factor evaluated during 
MUSSL tests was the relation of quantum 
extinction coefficient, based on selective 
molecular absorption, to sediment con- 
centration. The quantum extinction 
coefficient is one parameter that is input 
to theoretical reservoir water quality 
models. NASA was requested to perform 
measurements of this parameter using a 
USDA instrument as part of the Lake 
Chicot sediment tests. Good data were 
obtained (fig. 30), and the results were 
forwarded directly to the University of 
Minnesota for input to the water-quality 
model being developed under contract to 
USDA. 



Figure 29,- Penetration depths at visible wavelengths from 
Kerr Reservoir sediment laboratory tests. 
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Figure 30 •- Quantum extinction meaeunemente from 
Chicot Lake sediment laboratory teete. 


Six lakes are being investigated using 
Landsat data. These are upper and lower 
Lakes Chicot in Arkansas and Lakes 
Larto, Saline, and Turkey Creek in 
Louisiana. These lakes have been 
selected because there is an active 
restoration plan, either in the active 
stage or in the planning stage, for each 
of them which will correct a current 
problem. These restoration efforts 
should result in lake changes measurable 
by Landsat within the next few years. 

During FY 1981, three field experi- 
ments were conducted at Kerr Reservoir. 
The first experiment (November 3 
through 7, 1980) examined the relation of 
sediment concentration to underwater 
optics. Chlorophyll and dissolved organic, 
carbon variations over the reservoir were 
found to confuse the relation between 
sediment concentration and visible wave- 
length beam attenuation coefficient (for 
sediment concentrations less than 21 
milligrams per liter). From these data. 


it was concluded that underwater 
transmissometer measurements at near- 
infrared wavelengths would probably be 
the best optical approach for rapid 
measurement of sediment gradients in 
the water column. As a result, Virginia 
Polytechnic Institute and State Univer- 
sity has procured a transmissometer 
modified to detect near-infrared trans- 
mission. The university is using this 
instrument to measure water column 
sediment gradients as part of its Kerr 
Reservoir modeling effort for 
AgRISTARS. Two additional field 
experiments were conducted at Kerr 
Reservoir during the periods 
November 19 and 20, 1980, and March 24 
through 26, 1981. Both of these tests 
were Landsat experiments aimed at 
statistical quantification of sediment 
concentration to evaluate spatial 
resolution and adjacency effects. 
Remote-sensing penetration depth 
experiments were also conducted during 
the March test. 
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Permanent instrumentation has been 
purchased to monitor, record, and trans- 
mit via COES water-quaiity data 
obtained in the principal inflow and out- 
flow of Lake Chicot. This equipment 
wili be assembled and installed during 
November 1981. The water-quaiity vari- 
ables monitored were selected on the 
basis of their pertinence to the probiem 
in Lake Chicot and the availabiiity of 
equipment which wili stand up and main- 
tain calibration in the field for long 
periods of time. These variables are 
stage, turbidity, dissoived solids, and 
temperature. These variables have been 
correlated to many other of the water- 
quality variables of interest through an 
extensive study of the iake. 


not statistical, they Indicate that the 
snap bean spectra are representative of 
injury induced by pollutants, particularly 
ozone, and should serve as a good test 
species. 


5.8.6 Air Pollution 

A spectroradiometer was used to 
measure reflectance spectra (425 to 1550 
nanometers) from plants that received a 
single acute dose of ozone (2 hours at 0.6 
ppm). The plants were grown and 
exposed under controlled conditions so 
that results of different exposures wouid 
be as uniform as possibie. A comparison 
of the measured snap bean spectra with 
field and laboratory spectroradiometer 
measurements of sulfur-dioxide-injured 
soybeans and winter wheat indicates a 
simiiar response. Both sets of data show 
an increase of reflectance in the green 
(500 to 550 nanometer) and red (650 to 
700 nanometer) spectral regions and a 
decrease in the near-infrared (700 to 790 
nanometer) region to red reflectance 
ratio. Published spectra of ozone-injured 
cantaioupe plants made with a laboratory 
spectrophotometer (especially equipped 
for reflectance measurements) showed 
similar significant refiectance increases 
in the red, green, and near-infrared (700 
to 2500 nanometer) regions. However, 
the magnitude of these ozone-induced 
differences decreased when plants were 
scanned in a fieid setting. Although 
these comparisons are qualitative and 


59 


APPENDIX A 


AgRISTARS MANAGEMENT AND ORGANIZATION 


1. INTRODUCTION 

The program scope of AgRISTARS 
specifically addresses the seven informa- 
tion requirements identified by the 
Secretary of Agriculture.^ It is 
structured into projects designed to 
conduct research, develop, test, and 
evaluate the various applications of 
aerospace technology. These projects 
are designed to support a decision 
regarding the routine use of remote 
sensing technology by USDA. 


2. RESPONSIBILITIES 

The organization and management 
philosophy recognizes that each involved 
Government agency enters into an agree- 
ment to support remote sensing research 
which will address the information 
re.''uirements defined by the USDA. 
Each Government agency budgets, 
manages, and maintains control of the 
resources necessary to meet its own 
responsibilities as jointly agreed upon 
(see fig. A-1). 


3. jOINT MANAGEMENT 
STRUCTURE/ORGANIZATION 

The program utilizes the matrix man- 
agement system. There are eight major 
prni«>ccs, each having a number of tasks 
assigned to various line organizations of 
the participating agencies. Each of the 
eight projects has a project manager who 
reports to a Program Management Team 


joint Program of Research and 
Development of Uses of Aerospace 
Technology for Agricultural Programs, 
February 1978. 


(PMT). The PMT, In turn, takes its 
direction and guidance from the Inter- 
agency Coordinating Committee (ICC). 
As viewed in figure A-2, the functional 
relationships are structured into a three- 
level management system, each having 
distinct responsibilities. 


3.1 INTERAGENCY POLICY BOARD 

The Interagency Policy Board (IPB), 
chaired by USDA, is a joint agency group 
of policy-level officials at the Assistant 
Secretary or equivalent level. It is 
responsible for approving major inter- 
agency agreements and establishing basic 
policies and guidelines for the program. 


3.2 INTERAGENCY COORDINATING 

COMMlTTeEd-EVEL 1) 

The ICC is compiised of membership 
from USDA, NASA, USDC, USDI, and 
AID. It is chaired by the USDA and is 
responsible for: approving AgRISTARS 

program objectives and establishing 
priorities; approving the AgRISTARS 
Program Plan; assessing progress, 
identifying problems, and developing 
corrective actions; and coordinating the 
use of resources assigned to the program. 


3.3 PROGRAM MAN AGEMENT TEAM 

(LEVgL 1 ) 

The PMT represents a joint approach 
to management which provides partici- 
pation, project integration, and needed 
visibility by all participants and assures 
full responsiveness to USDA information 
requirements. 
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Figure A-2»- Joint agency program management and functional relationehipe 
















The PMT acts as the project change 
authority for all issues and significant 
changes affecting specified control 
milestones and schedules and project 
goals and objectives. 


3.4 PROGRAM SUPPORT STAFF 

The Program Support Staff (PSS) is 
led by USDA, has membership from all 
agencies, and provides »taff support to 
the PMT. 


4. PROJECT MANAGERS (LEVEL 3) 

Each of the projects is headed by a 
project manager who was selected from 
a participating agency, based principally 
upon considerations of technical 
expertise and expected levels of agency 
involvement. The project managers are 
responsible to the PMT for planning and 
managing activities within their projects. 
This includes defining project content, 
identifying expected products and sched- 
ules, assessing status and progress, 
identifying problems, making change 
recommendations, planning and defining 
tasks, anu participating with other 
project managers in the integration of 
the various projects. 


5. REVIEW AND REPORTING 

A review and reporting plan has been 
established to support major program 
planning and budgetary events. 

Each year in the May-june time 
period, the PMT, project managers, and 
task managers update each of the project 
implementation plans to reflect current 
budgets and the results and recommenda- 
tions resulting from the various technical 
reviews. 


internal reviews are held at the 
various levels of management as 
required. 


6. DOCUMENTATION 

All aspects of the program are being 
documented in full by: reports; technical 
memoranda and journal articles, as 
appropriate; press releases; and program 
progress reports. 


7. PARTICIPATING ORGANIZATIONS 

Many elements of Government, indus- 
try, and the university community are 
participants in AgRISTARS. These 
organizations are shown in figure A-3. 
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Figir'i^ A-3.- Organizations participating in AgRISTARS . 





APPENDIX B 

AgRISTARS PROGRAM AND PROCRAM-RELATED DOCUMENTATION 


1. GENERAL 


This appendix contains a by-project listing of all AgRISTARS program and program-related 
documentation from program inception through documentation of tasks completed in 
FY 1981. The listing provided has been further subdivided within each project into areas 
of plans, reports, procedures, etc., to facilitate easy retrieval of desired documentation. 


2. REQUESTING DOCUMENTS 
2.1 CONTROLLED DOCUMENTS 


Documents which carry an AgRISTARS control number may be obtained from NASA/JSC 
by either telephone or mail request. Address requests to: 

Lyndon B. Johnson Space Center 
SK - Documentation Manager 
Houston, Texas 77058 
Telephone 713-483-4776 


2.2 UNNUMBERED DOCUMENTS (00900 SERIES AND PRESENTATIONS) 


Requests for material within this area will be honored based upon availability of data. 
Requests should be made to: 

Lyndon B. Johnson Space Center 
(Appropriate Project) 

SK - Program Support Staff 
Houston, Texas 77058 
Telephone 713-483-2548 


B-1 


ORIGINAL PAGE IS 
OF POOR QUALITY 


EW/CCA Initruction* - 00100 


1*01. Soil Molsturc/Eirly Warnini and Crop Condition 
Aisetiment Interfa'^e Control Documant. MU- 10* 
00101, ISC-16042, Nov. I960. 

1-02. Yield Model Oevelopmcnt/Earlv Warning and 
Crop Conditio I Atiettment Interface Control 
Document. MU-tO-00102, ISC-16043, Nov. 1900. 


EW/CCA Report! - 00400 


1-03. Meteorological Satellite Data - A Tool to 
Describe the Health of the Worirfs Agriculture. 
EW-N 1-04042, I SC -171 12. Feb. 1901. 

1-04. Hand-Held Radiometry - A Set of Notes Devel- 
oped for Use at the Workshop on Hand-Held 
Radiometry. EW-U1-04052, ISC -17110, Oct. 
1900. 

1-OS. Soil Moisture Inferences From Thermal Infrared 
Measurements of Vegetation Temperatures. EW- 
U1-04060, ISC-17125, Mar. 1901. 

1-06. Large Area Application of a Corn Hazard Model. 
EW-UI-04074, ISC-17130, Mar. 1901. 

1-07. The Characteristics of TIROS, COES, DMSP, and 
Landsat Systems. EW-N1-O4075, ISC-17131, 

Mar. 1901. 

1-00. The Environmental Vegetative Index - A Tool 
Potentially Useful for Arid Land Management. 
EW-N1-04376, ISC-17132, Mar. 1901. 

1-09. Canopy Temperature as a Crop Water Stress Indi- 
cator. EW-U1-04077, |SC-171Ji, Mar. 1901. 

1-10. Registration Verification of SEA/AR Fields. EW- 

L1-04101, ISC-172S1, LEMSC 0-16204, May 1901. 

1-11. Plant Cover, Soil Temperature, Freeze, Water 

Stress, and E vapotranspiration Conditions. 
EW-U1-04103, ISC -17143, Mar. 1901. 

1-12. Utilization of Meteorological Satellite Imagery 

for Worldwide Environmental Monitoring; The 
Lower Mississippi River Flood of 1979. EW-N1- 
04104, ISC -17144, Mar. 1981. 

1-13. Techniques in the Use of NOAA 6-n Data for 
Crop Condition Evaluation. EW-N1-0410S, ISC- 
17145, Apr. 1901. 

1-14. Two Layer Soil Water Budget Model - A Tool for 

Large Area Soil Moisture Estimates. EW-U1- 
04106, ISC-17146, Apr. 1981. 

1-1S. Comparison of Landsat-2 and Field Spectrometer 
Reflectance Signatures of South Texas Rangeland 
Plant Communities. E W-U1-04107, ISC-17147, 
Apr. 1901. 

1-16. Environmental Factors During Seed Development 
and Their Influence on Pre-Harvest Sprouting in 
Wheat. EW-U1-04115, ISC-17157, May 1981. 


1-17. A Meteorological Driven Maize Stress Indicator 
Model. EW-U1-04119, ISC-17399, luly 1981. 

1-10. Review of Literature Relating to the Modeling of 
Soli Temperature Based on Meteorological 
Factors. EW-21-04124, NAS-916007, |uly 1901. 

1-19. Airborne Observed Solar Elevation and Row 
Direction Effects on the Near-IR/Red Ratio of 
Cotton. EW-U1-04144, ISC-17420, Aug. 1901. 

1-20. Agricultural Research Service Research High- 
lights In Remote Sensing for Calendar Year 1900. 
EW-R1-04147, luly 1981. 


EW/CCA Plans -00600 


1-21. Early Warning/Crop Condition Assessment Imple- 
mentation Plan. EW-I0-C0617, ISC-168S2, 1900. 

1-22. Early Warning/Crop Condition Assessment Imple- 
mentation Plan. EW-I1-C0622, ISC-16062, 1901. 


EW/CCA Procedures - 00700 


1-23. Program Development and Maintenance Stand- 
ards. EW-UO-00700, ISC-16367, lune 1980. 

1-24. Limited Area Coverage/High Resolution Picture 
Transmission, L AC/HR PT Tape Conversion Proc- 
essor User's Manual. EW-LO-00701, ISC-16373, 
LEMSCO-1532S, Sept. 1980. 

1-2S. Limited Area Coverage/High Resolution Picture 
Transmission (L AC/HR PT) Tape l| Grid Pixel 
Extraction Processor User's Manual. EW-LO- 

00702, I SC -16374, L E MSC 0-15326, Sept. 1980. 

1-26. Limited Area Coverage/High Resolution Picture 
Transmission (L AC/HR PT) Data Vegetative Index 
Calculation Processor User'. Manual. EW-LO- 

00703, ISC-16375, L E MSC 0-15327, Sept. 1980. 

1-27. Tape Merge/Copy Processor. EW-LO-00704, ISC- 
16301, LEMSC 0-1S3S6, Sept. 1900. 

1-28. EROS to Universal Tape Conversion Processor. 

EW-LO-00705, I SC -16382, L E MSCO-1S3S7, Sept. 
1900. 

1-29. Conversion of SPU-Universal Disk File to ISC- 
Universal Tape Storage - CONVRT User's Guide. 
EW-LO-00706, ISC-16021, LE MSCO-15600, Sept. 
1900. 

1-30. Patch Image Processor User's Manual. EW-LO- 
00707, ISC-16833, LE M5CO-15692, Sept. 1980. 

1-31. SKIP Subsampling Processor User's Manual. EW- 
LO-00708, |SC-l'i854, L E MSC0-1S114, Nov. 1900. 

1-32. Computer Program Documentation for the Patch 
Subsampling Processor. EW-L1-00709, ISC- 
16855, LEMSCO-15119, Ian. 1981. 
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1*33* Wheat Siratt Indicator Modal, Crop Condition 
Aftafimant Olvltlon (CCAD) Data Bata Interface 
Driver, Utar'i Manual. EW-L1-00711, |SC*17114, 
LEMSCO-16034, Feb. 1M1. 

1*34. Winterkill Indicator Model, Crop Condition 
Astettment Divition (CCAD) Data Bate Interface 
Driver, Uter't Manual. EW-L 1-0071), ISC-17117, 
LEMSCO-16033, Mar. 1981. 

1-3S. General Graphing Syttem (GRAPH) Uter Guide. 

EW-L1-00718, ISC-17397, L E MSCO-16687, |une 
1981. 


EW/CCA Unnumbered Documenti - 00900 


1-36. Allen, L. H., |r., I. F. Bartholic, R. G. Bill, |r., 
A. F. Cook, H. E. Hannah, K. F. Heimberg, W. H. 
Henry, K. Hokkanen, F. G. lohnton, ar«d |. W. 
lonet; Evapotrantpi ration Meaturementt. 

Florida Water Retourcet, NAS 10-9348, Final 
Report, I FAS, Univ. of Florida, in cooperation 
with NASA, Kennedy Space Center, South Florida 
Water Management Dlitrict, and USDA, SEA-AR, 
1980, pp. S.6-1 to S.6-88. 

1-37. Allen, R. F., R. D. lackion, and P. I. Pinter, |r.: 
To Relate Landtat Data to U.S. Agriculture. 
Agric. Eng., vol. 61, no. 11, 1980, pp. 12-14. 

1-38. Brazel, A. |., and S. B. Idto: Thermal Effects of 
Dust on Climate. Annals Assoc. American 
Geograph<*rs, vol. 69, 1979, pp. 432-437. 

1-39. Chen, E., L. H. Allen, |r., I. F. Bartholic, R. G. 

Bill, |r., and R. A. Sutheland: Satellite-Sensed 

Winter Nocturnal Temperature Patterns of the 
Everglades Agricultural Area. |. Appl. Meteorol., 
vol. 18, 1979, pp. 992-1002. 

1-40. Diez, I. A., W. r. Hart, S. J. Ingle, M. R. Davis, 
and S. Rivera: The Use of Remote Sensing in 

Detection of Host Plants of Mediterranean Fruit 
Flies in Mexico. Proc. 14th Int. Symposium on 
Remote Sensing of Environment, vol. II, 1980, 
p. 67S. 

1-41. Everitt, I. H., A. H. Gerbermann, M. A. Alaniz, 
and R. L. Bowen: Using 70-mm Aerial Photog- 

raphy to Identify Rangeland Sites. Photogram- 
metric Eng. and Remote Sensing, 1980, pp. 1339- 
1348. 

1-42. Everitt, I. H., A. H. Gerbermann, M. A. Alaniz, 
and R. L. Bowen: Using 70-mm Aerial Photog- 

raphy to Identify South Texas Rangeland Sites. 
Proc. 46th Annual Meeting of American Soc. 
Photogrammetry, 1980, pp. 409-42S. 

1-43. Gausman, H. W., |. R. Everitt, and D. E. Escobar: 
Seasonal Nitrogen Concentration and Reflectance 
of Seven Woody Plant Species. |. Rio Grande 
Valley Hort. Soc., vol. 33, 1979, pp. 101-104. 

1-44. Gausman, H. W., |. H. Everitt, and 0. E. Escobar: 
Leaf Reflectance-Nitrogen-Chlorophyll Relations 
Among Three South Texas Woody Rangelartd Plant 
Species. ). Rio Grande Valley Hort. Soc., vol. 34, 
1980, pp. 61-66. 


1-45. Gerbermann, A. H., |. H. Everitt, and H. W. 

Gausman: Reflectance of Litter Accumulation 

Levels at Five Wavelengths Within the 0.5- to 
2.5- isn Waveband. (5ubmltted to Photogram- 
metrlc Eng. and Remote Sensing.) 

1-46. Hatfield, ). L., |. P. Millard, R. ). Reginato, 
R. D. lackson, S. B. Idso, P. I. Pinter, |r., and 
R. C. Goettelman: Spatial Variability of Surface 
Temperature as Related to Cropping Practice 
With Implications for Irrigation Management. 
Proc. 14th Annual Symposium on Remote Sensing 
of the Environment, 1980, pp. 1311-1320. 

1-47. Idso, S. B.: Book Review ’Boundary Lasyer Cli- 
mates,* by T. R. Ok. Agric. Meteorol., vol. 22, 
1980, p. 81. 

1-48. Idso, S. B.: The Climatological Significance of a 
Doubling of Earth's Atmospheric CO 2 Concentra- 
tion. Science, vol. 207, 19M, pp. 1462-1463. 

1-49. Idso, S. B.: Evaluating E vapotranspiration Rates. 

Proc. Deep Percolation Symposium (Scottsdale, 
Aiiz.). Rep. 1, Ariz. Dept, of Water Resources, 
1980, pp. 25-36. 

1-50. Idso, S. B.: On the Apparent Incompatibility of 
Different Atmospheric Thermal Radiation Data 
Sets. Quart. ). Roy. Meteorol. Soc., vol. 106, 
1980, pp. 375-376. 

1-51. Idso, S. B.: Relative Rates of Evaporative Water 
Losses From Open and Vegetation-Covered 
Bodies. Water Resources Bull, (in press). 

1-S2. Idso, S. B.: Reply to 2 ’Letters to the Editor' of 
Science in Regards to a Paper of S. B. Idso on 
’Carbon Dioxide and Climate.’ Science, vol. 210, 
1980, pp. 7-8. 

1-53. Idso, S. B.: Terrain Sensing, Remoter. McGraw- 
Hill Yearbook of Science and Technology, D. N. 
Lopedes, ed., 1979, pp. 392-393. 

1-'^4. Idso, S. B., R. D. lackson, P. I. Pinter, | r., R. ). 

Reginato, and I. L. Hatfield: Normalizing the 

Stress-Degree-Day Parameter for Environmental 
Variability. Agric. Meteorol. (in press). 

1-SS. Idso, S. B., R. I. Reginato, I. L. Hatfield, G. K. 

Walker, R. D. lackson, and P. I. Pinter, |r.: A 

Generalization of the Stress-Degree-Oay Concept 
of Yield Prediction to Accommodate a Diversity 
of Crops. Agric. Meteorol., vol. 21, 1980, pp. 
205-211. 

1-56. Ingle, S. I.: Trabajos hechos de la percepcion 

remota. Presented at 3rd Simposio de Praslto- 
loglc Agricola (Monterrey, Mexico), 1980. 

1-57. lackson, R. D., V. V. Salomonson, and T. ). 

Schmugge: Irrigation Management - Future Tech- 
niques. Proc. American Soc. Agric. Eng. Secotul 
Nat. Irrigation Symposium (Lincoln, Neb.), Oct. 
I960. 

1-58. lackson, R. D., S. B. Idso, R. ). Reginato, and 
P. I. Pinter, |r.: Remotely Sensed Crop Tem- 

peratures and Reflectances as Inputs to Irrigation 
Scheduling. Proc. American Soc. Civil Eng. 
Specialty Conf. (Boise, Idaho), luly 23-25, 1980, 
pp. 390-397. 
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1-S9. Kanamasu, E. T., A. Ftyarharm, Hanks, 
M. Kaanar, O. Lawlor, P. Rasmustan, H. Raatt, 
K. Saxton, and C, Wlagand: (Coauthors in alpha- 
batlcal ordar.) Usa of Soil Motstura Information 
in Crop Ylald Modals. Tach. Rap. SM*MIH)0462, 
NAS 9-14899, Evapotranspiratlon Lab., Kansas 
Stata Univ. (Manhattan, Kans.), 41 pp. 

1-M. Kimas D. S., B. L. Markham, C. |. Tuckt:, and 

I. E. McMurtray, III: Temporal Relationships 

Between Spectral Rasponu' and Agronomic Varl- 
abias of a Corn Canopy. Remota Sensing of 
Environment (submitted Aug. 19B0). 

1-61. Kimas, D. S., S. B. Idso, P. ). Pinter, Jr., R. O. 

Jackson, and R. J. Raginato: Complexities of 
Nadir-Looking Radiometric Temperature Meas- 
urements of Plant Canopies. Appl. Optics, 
vol. 19, 1980, pp. 2162-2168. 

1-62. Kimes, O. S., S. B. Idso, P. J. Pinter, Jr., R. J. 

RegInato, and R. D. Jackson: View Angle Effects 
in the Radiometric Measurement of Plant Canopy 
Temperatures. Remote Sensing of Environment 
(in press). 

1-63. The Large Area Operational Application of the 
Winterkill Model Using Realtime Data and Eval- 
uation of the Results. USDA FAS-CCAO Tech. 
Memo 13, Nov. I960. 

1-64. Learner, R. W., and J. R. Noriega: Reflectance 

Brightness Measured Over Agricultural Areas. 
Agric. Meteorol., vol. 23, 1981, pp. 1-8. 

1-6S. Learner, R. W., J. R. Noriega, and A. H. 

Cerbermann: Reflectance of Wheat Cultivars as 
Related to Physiological Growth Stages. Agron. 
)., vol. 72, 1980, pp. 1029-1032. 

1-66. LeMaster, E. W., J. E. Chance, and C. L. 

Wiegand: A Seasonal Verification of the Suits 

Spectral Reflectance Model for Wheat. Photo- 
grammetric Eng. and Remote Sensing, vol. 46, 
no. 1, 1980, pp. 107-114. 

1-67. Mallla, W. A., P. F. Lambeck, E. P. Crist, R. D. 

Jackson, and P. J. Pinter, Jr.: Landsat Features 
for Agricultural Applications. Proc. 14th Annual 
Symposium on Remote Sensing of Environment, 
1980, pp. 793-803. 

1-68. Markham, B. L., O. S. Kimes, C. I. Tucker, and 

J. E. McMurtrey, III: The Relationship of Tem- 

poral Spectral Response of a Corn Canopy to 
Crain Yield attd Final Dry Matter Accumulation. 
NASA Tech. Memo (submitted Nov. 1980). 

1-69. McFarland, |. C., R. D. Watson, A. F. Theisen, 

R. O. Jackson, W. L. Ehrler, P. J. Pinter, Jr., 

S. B. Idso, atKf R. j. Reginato: Plant Stress 

Detection by Remote Measurement of Fluores- 
cence. Appl. Optics, vol. 19, 1980, pp. 3287-3269. 

1-70. Meyerdirk, D. E., J. B. Kreasky, and W. C. Hart: 
Whiteflles (Aleyrodidae) Attacking Citrus in 
Southern Texas With Notes on Natural Enemies. 
Southwest Entomol. (In press). 


1-71. Millard, I. P., R. I. Raginato, S. B. Idso, R. O. 

Jackson, R. C. Coattelman, and M. J. LaRoy: 
Exparlmental Relations Between Airborne attd 
Ground Measurad Wheat Canopy Temperatures. 
Programmetrlc Eng. and Remote Sensing, vol. 46, 

1980, pp. 221-224. 

1-72. Musick, J. T., and R. A. Dusak: Planting Date 

and Water Deficit Effects on Development and 
Field of Irrigated Winter Wheat. Agron. J., 
vol. 74, 1980, pp. 45-S2. 

1-73. Nixon, P. R., B. C. Coodler, and W. A. Swanson: 
Midday Surface Temperatures and Energy 
Changes in a Residential Landscape. J. Rio 
Grande Valley Hort. Soc., vol. 34, 19M, p. 39. 

1-74. Pinter, P. J., |r., R. D. Jackson, S. B. Idso, and 
R. J. Reginato; Multidate Spectral Reflectances 
as Predictors of Yield in Water Stressed Wheat 
and Barley. Int. J. Remote Sensing (in press). 

1-7S. Reginato, Robert J.: Remote Assessment of Soil 
Moisture. Proc. Seminar on Isotope and Radiation 
Techniques In Soil Moisture. Proc. Seminar on 
Isotope and Radiation Techniques In Soil Water 
Studies, Khartoum, Sudan, 1979 (in press). 

1-76. Richardson, A. J., D. E. Escobar, H. W. Gausman, 
and J. H. Everitt: Comparison of Landsat-2 and 
Field Spectrometer Reflectance Signatures of 
South Texas Rangeland Plant Communities. Sixth 
Annual Symposium on Machine Processing of 
Remotely Sensed Data, Purdue Univ. 
(W. Lafayette, litd.), June 3-6, 1980. 

1-77. Smika, D. E., and Shaweroft, R. W.: Preliminary 
Study Using a Wind Tunnel to Determine the 
Effect of Hot Wind on a Wheat Crop. Field Crops 
Res., vol. 3, 1980, pp. 129-134. 

1-78. Tucker, C. J., J. H. Elgin, Jr., and J. E. 

McMurtrey, III: Relationship of Crop Radiance to 
Alfalfa Agronomic Values. Int. J. Remote 
Sensing, vol. 1, no. 1, 1960, pp. 69-7S. 

1-79. Tucker, C. J., B. N. Holben, |. H. Elgin, Jr., and 
J. E. McMurtrey, III: Relationship of Spectral 

Data to Grain Yield Variation. Photogrammetric 
Eng. and Remote Sensing, vol. 46, no. 5, 1980, 
pp. 657-666. 

1-80. Tucker, C. J., 8. N. Holben, |. H. Elgin, |r., and 
|. E. McMurtrey, III: Remote Sensing of Total 

Dry-Matter Accumulation in Winter Wheat. 
NASA TM 80631, Ian. 1980. 

1-81. Wiegand, C. L., and J. A. Cuellar: Direction of 
Grain Filling and Kernal Weight of Wheat as 
Affected by Temperature. Crop Sci., vol. 21, 

1981, pp. 94-101. 

1-82. Wiegand, C. L., A. H. Cerbermann, and I. A. 

Cuellar: Development atMl Yield of Hard Red 

Winter Wheats Under Semitropical Corwlitlons. 
Agron. J., vol. 73, no. 1, 1981, pp. 29-38. 
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1*83. Wl*gand, C. L., P. R. Niion, H. W. Cautman, 
L. N. Namkan, R. W. Laamar, and A. J. 
RIchardMn: Haat Capacity Mapping Mlttlon Plant 
Covar, Soil Tamparatura, Fraaza, Watar itrati, 
and Evapotranipiratlon Condition*. Typa III Final 
Raport (Draft) for tha Contract Parlod 
Dacambar 1, 1977, to Saptambar 1, I960 Nov. 
I960, 116 pp. 

1-M. Wolf, W. W.: Entomolotical Radar Obtarvatlon* 
In Arizona During 1979. loint Maating Roy. 
Entofflol. Soc., Roy. Mataorol. Soc., and Britlih 
Truit for Ornithology, Imparlal Collaga (London, 
England), Nov. 19, 1980. 


ITO Task Dascriptlons - 00300 


2-01. ERSYS-SPP Access Method Subsystam Design 
Specification. MU-11-00300, Sept. 1980. 


ITD Reports - 00400 


2-02. Corn/Soybaans Decision Logic: Improvements 

and New Crop*. FC-LO-00420, (SC-16301, 

LEMSCO-14084, ).n. 1980. 

2-03. Evaluation of Transition Year Canadian Test 
Sites. FC-LO-00422, | SC -16338, L E MSCO-14320, 
Apr. 1980. 

2-04. Evaluation of Results of U.S. Corn and Soybeans 
Exploratory Experiment - Classification Proce- 
dures Verification Test. FC-LO-00423, )SC- 
163-9, LEMSCO-14386, Sept. 1960. 

2K)S. Estimation of Within-Stratum Variance for 

Sample Allocation. FC-LO-00428, (SC-16343, 

LEMSC 0-14067, (uly 1980. 

2-06. Profile Similarity Feasibility Study. FC-LO- 

00429, (SC -16246, L E MSC 0-14010, Feb. 1980. 

2-07. Statistical Outlier Detection (SOD): A Computer 
Program for Detecting Outliers In Data. FC-LO- 
00432, (SC-16346, L E MSCO-14594, (une 1980. 

2-^)8. Semi-Annual Proiect Management Report, Pro- 

gram Review Presentation to Level 1, Inter- 
agency Coordination Committee. FC-IO-00436, 
(SC-163SO, Mar. 1980. 

2-09. Houston Area Multicrop Inspection Trips. FC-LO- 

00437, (SC-163S1, L E MSCO-14S84, (uly 1980. 

2-10. The Integrated Analysis Procedure for Identifica- 
tion of Spring Small Crains and Barley. FC-LO- 
00451, (SC-16360, L E MSC 0-14385, May 1980. 

2-11. Australian Transition Year Special Study. FC-LO- 

00464, (SC-16368, L E MSC 0-14808, (an. 1981. 

2-12. Stratum Variance Estimation for Sample Alloca- 
tion In Crop Surveys. FC-IO-00468, (SC-16371, 
l:. I SC 0-1 4966, (uly 1980. 

2-13. Evaluation of the Procedure for Separating Barley 
From Other Spring Small Crains. FC-L0-(X)472, 
(SC -16752, LEMSC 0-14598, Aug. 1980. 


2-14. Transition Year Labeling Error Characterization 
Study Final Report. FC-LO-00479, (SC -16379, 
LEMSCO-14056, Oct. 1980. 

2-1 S. Corn/Soybean Decision Logic Development and 
Totting. FC-LO-00480, (SC -16380, LEMSCO- 
14811, Oct. 1980. 

2-16. A Summary of Observation* Concerning the Infor- 
mation In the Spectral Temporal-Ancillary Data 
Available for Estimating Ground Cover Crop 
Proportion*. FC-IO-00486, (SC -16815, Feb. 1981. 

2-17. Segment-Level Evaluation of the Simulated 

Aggregation Test: U.S. Corn and Soybean 

Exploratory Experiment. FC-L0KK)493, (SC- 
16820, LEMSCO-1S116, Oct. 1980. 

2-18. A Description of the Reformatted Spring Small 
Crains Labeling Procedure Used In Test 2, Part 2, 
of the U.S./Canada Wheat and Barley Exploratory 
Experiment. FC-LO-04000, (SC -16827, LEMSCO- 
15404, Feb. 1981. 

2-19. Semi-Annual Proiect Management Report Pro- 

gram Review Presentation to Level 1, Inter- 
agency Coordination Committee. FC-| 0-04010, 
I SC -16835, Nov. 6, 1980. 

2-20. Weather Analysis and Interpretation Procedures 
Developed for the U.S./Canada Wheat and Barley 
Exploratory Ex^rlment. FC-LO-04014, (SC- 

16840, LEMSCO-1S612, Nov. 1980. 

2-21. Identification of U.S.S.R. Indicator Regions. FC- 

LO-04027, (SC-16847, L E MSC0-1S118, Sept. 

1980. 

2-22. Evaluation of Spring Wheat and Barley Crop Cal- 
endar Models for the 1979 Crop Year. FC-L1- 
04030, (SC-168S0, LE MSC 0-15936, Feb. 1981. 

2-23. Interim Catalog Ground Data Summary Data 

Acquisition Year 1979. MU-L1-0405S, (SC- 

17119, LEMSCO-16207, Feb. 1981. 

2-24. Interim Catalog Ground Data Summary Data 

Acquisition Year 1978. MU-L1-040S6, (SC- 

17120, LEMSC 0-1632S, Mar. 1981. 

2-25. U.S. Corn and Soybeans Exploratory Experiment 
Summary Report. FC-L1-O4073, (SC-17129, Mar. 

1981. 

2-26. Semi-Annual Project Management Report - Pro- 
gram Review Presentation to Level 1. FC-(1- 

04087, ISC -171 34, Apr. 1981. 

2-27. Country Summary Report - Australia. FC-L1- 
04097, ISC -17140, LE MSC 0-16645, May 1981. 

2-28. Preliminary Catalog: Ground Data Summary 

Data Acquisition for 1980. MU-L1-04100, (SC- 
17365, May 1981. 

2-29. Enumerator's Manual, 1981 Ground Data Survey. 
FC-I1-04108, ISC -16860, (an. 1981. 

2-30. FCPF Quarterly Review. FC-|1-04117, Mar. 
1981. 

2-31. Sample Selection In Foreign Similarity Regions 
for Multicrop Experiment. FC-L1-04120, (SC- 
17401, LEMSC 0-16663, Aug. 1981. 
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2*32. Evaluation of a Satmtnt-Baaad Landtat Full* 
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2*41. U.S./Canada Wheat and Barley Exploratory Label* ITO Unnumbered Documents * 00900 

ing Experiment Implementation Plan. FC*|0* 

00600, I SC *163 36, Ian. 1980. 

2*S8. Doraiswamy, P., and D. Thompson: An Agromet 

2*42. The Development of a Sampling Strategy for Crop Phenology Model for Spring Wheat. Ameri* 
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3-18. Kogan, F. |.; Geographical Aspects of Climate 
and Weather limitations for Cereal Production In 
the USS. 1981. 
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1980, pp. 111-142. 
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Publ. AAT-NC-5, USDA, SEA-AR North Central 
Region, 1980, 59 pp. 
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Scannur Data II. SR-19-00401, NAS 9-14350, Nov. 

1979. 

4-14. Final Ruport; Oavalopmant and Evaluation of 

Cluttaring Procadurat. SR -T9 90402, NAS 9- 
14689, Nov. 1979. 

4-1S. Informal Progratt Ravlaw. SR-| 9-0040), Nov. 30, 

1980. 

4-16. Final Raport; Oavalopmant of Landtat Batad 

Tachnology for Crop Invaritorlat. SR-E9-00404, 
NAS 9-15476, Dac. 1979. 


4-17. Crop Ylald Lltaratura Ravlaw for AgRISTARS 
Cropt: Corn, Soybaarw, Whaat, Barlay, Sorghum, 
Rica, Cotton, and Sunflowart. SR-L9-0040S, 
I SC -16)20, L EC-13791, Dac. 1979. 

4-18. Compotitlon and Attambly of a Spactral Data 
Bata for Corn and Soybaan Multicrop Sagmantt. 
SR-LO-00407, ISC-1377), LEMSCO-142S0, lima 
1980. 

4-19. Quantitativa Ettimatlon of Plant Charactarittict 
Uting Spactral Maaturamant: A Survay of tha 

Lltaratura. SR-LO-00408, ISC -16298, LEMSCO- 
14077, Ian. 1980. 

4-20. Crap Phanology Lltaratura Ravlaw for Corn, Soy- 
baan, Whaat, Barlay, Sorghum, Rica, Cotton, and 
SunflovvP'. SR-L 9-00409, ISC-16088, L EC-13722, 
Nov. 1979. 

4-21. Final Raport: Agricultural Scana Undarttanding 

and Supporting Flald Rataarch. SR-P9-00410, 
NAS 9-15466, Vol. I, Nov. 1979. 

4-22. Final Raport: Procatting Tachniquat Daval- 

opmant Part 1: Crop Invantory Tachniquat. SR- 
P9-00411, NAS 9-15466, Vol. II, Nov. 1979. 

4-23. Final Raport: Procatting Tachniquat Daval- 

opmant Part 2: Data Praprocatting and Infor- 

mation Eitractlon Tachniquat. SR-P9HK>412, 
NAS 9-1S466, Vol. Ill, Nov. 1979. 

4-24. Final Raport: Computar Procatting Support. 

SR-P9-00413, NAS 9-1S466, Vol. IV, Nov. 1979. 

4-25. Final Raport: Annual Tachnical Summary. 

SR-P9-00414, NAS 9-15466, Nov. 1979. 

4-26. Variability of Crop Calandar Staga Oatat. SR- 
LO-00416, ISC-16309, L E MSCO-14070, I an. 1980. 

4-27. Compotitlon and Attambly of a Spactral Data 
Bata for Trantition Yaar Spring Whaat Blind 
SItat, Volume I. SR-LO-00417, ISC -1627), 
LEMSCO-14069, |an. 1980. 

4-28. Interpretation of Landtat Digital Data Uting a 
Cubic Color Modal Batad on Ralativa Enarglat. 
SR-LO-00418, ISC-13776, L E M SC 0-1)499, Fab. 
1980. 

4-29. Utilization of Spactral-Spatlal Information In tha 
Clattification of Imagery Data. SR-LO-00419, 
ISC -16)35, LEMSC 0-14310, lune 1980. 

4-30. lanuary 1980 Supporting Rataarch Tatk Managar*t 
Raport. SR-IO-00421, Ian. 31, 1980. 

4-31. Label Identification From Statittical Tabulation 
(LIST) Temporal Extandabllity Study. SR-LO- 
00424, |SC-16))4, L E MSCO-14278, Fab. 19P.0. 

4-32. A Labeling Tachnology for Landtat Imagery. SR- 
L0-0O42S, ISC -16)41, L E MSCO-143S7, May 1980. 

4-3). Final Report: Procedure M Syttam Oatcription 

Document. SR-IO-00426, NAS 9-14)50, Oct. 
1979. 
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4*34. Eitlmation of Probabllliloi of Labot Imparfac* 
tioni and Corractlon of Mlilabalt. SR-LO-00427, 
ISC-U342, LEMSCO>141S6, Mar. 1M0. 

4-3S. Labal Idantificailon From Stalltllcal Tabulation 
(LIST) Application of RIDIT Analylll. SR-LO* 
00430. ISC-U34S. LEMSCO*143M, Mar. 1 MO. 

4*34. Phyilococbamlcal, SIta, and Bldlractlonal 

Rtflactanca Factor Charactarlitici of Uniformly 
Moitt Soil!. SR*P0-O0431, NAS9>1S4M. Fab. 
19M. 

4-37. Final Raport; Oavalopmant of Al Procaduroi for 
Daalint With tha Effacti of Epitodal Evantt on 
Crop Tamporal-Spactral Raiponia and Daval- 
opmant of Al Culdallnai for Corn ir Soybaan 
Laballni. SR-D9-00434. NAS 9-14S6S, Nov. 1979. 

4-3S. Saml-Annual Projact Managamant Raport. 

SR-I0-0043S, JSC-16349, Mar. 1960. 

4-39. AgRISTARS Cropping Practical and Crop Charac- 
tarlitlci Baiad on 1979 F5CS Obtarvatloni. 
SR-JO-00438, ISC-16353, Apr. I960. 

4-40. Soma Approachai to Optimal Cluitar Labalingof 

Aaroipaca Imagary. SR-LO-00440, ISC-163S5, 
LEMSCO-14S97, Apr. 1980. 

4-41. An Exploratory Study to Oavalop a Cluitar-Baiad 
Araa Eitimatlon Procadura. SR-LO-00442, JSC- 
163S8, LEMSCO-14670, May 1980. 

4-42. Contaxtual Claiilflcatlon of Multlipactra. Imaga 
Data. SR-PO-00443, N AS 9-1 5466, Jan. 1980. 

4-43. Contaxt Olitrlbutlon Estimation for Contaxtual 

Claiilflcatlon of Multlipactral Imaga Data. SR- 
PO-00444, NAS 9-14566, Apr. 1960. 

4-44. Spatlal-Spactral Procadura Oavalopmant: Tha 

Purity Exparlmant. SR-I0-O0445, NAS 9-14350, 
Apr. 1980. 

4-45. Crop Calandari for tha U.S., U.S.S.R, and Canada 
In Support of tha Early Warning Projact. SR-LO- 
00450, ISC -16359, L E M5C 0-14673, luly 1980. 

4-46. Purity Data Raport. SR-IO-00452, NAS 9-14350, 
Apr. 14, 1980. 

4-47. Evaluation of Bayailan Saquantial Proportion 

Eitimatlon Uilng Analyst Labali. SR-LO-00453, 
ISC -16361, LEMSC 0-14355, May 1981. 

4-46. Pixal Labaling by 5uparviiad Probabilistic Ralax- 
atlon. SK-PO-00454, N A5 9-15466, Fab. 1980. 

4-49. On tha Accuracy of Pixal Ralaxatlon Labaling. 
SR-PO-00455, NAS 9-15466, Mar. 1980. 

4-50. Evaluating tha Uia of Analyst Labali in Maximum 

Likallhood Cluitar Proportion Eitimatlon. SR- 
LO-00456, ISC-16538, L E MSCO-14672, Apr. 1980. 

4-51. Intarpolatlon of Daily and Monthly Pracipitatlon 

and Tamparatura Using tha Wagnar Variational 
Analylll Tachniqua. SR-IO-00457 ISC-16504, 
Mar. 1960. 


4-52. Effacti of Managamant Practical on Raflactanca 
of Spring Wheat Canoplai. SR-P0-0O4S8, NAS 9- 
15466, May 1980. 

4-53. An Algorithm for Estimating Crop Calanrlar 
Shifti of Spring Small Cralni Uilng Landiat 
Spactral Data. SR-EO-004S9, NAS 9-15476, |una 
1980. 

4-54. Sampling of Rectangular Ragloni. SR-L0H)0460, 
ISC-16362, LEMSCO-14806, luna 1980. 

4-55. Multlipactral Data Analyili Baiad on Ground 

Truth Crop Claiiai. SR-IO-00461, NAS 9-143S0, 
luna 1980. 

4-56. Proportion Estimation Uilng Prior Cluster 

Purltiai. SR-LO-0046S, | SC -16754, LEMSCO- 
15163, luly 1980. 

4-57. Minimum Variance Geographic Sampling. SR-LO- 

00467, I SC -16370, L E MSC 0-13179, luly 1980. 

4-58. A Multlipactral Data Simulation Tachniqua. SR- 

PO-00469, NAS 9-15466, luly 198'J. 

4-59. Canadian Crop Cairndari in Support of tha Early 

Warning Projact. SR-LO-00475, ISC-16376, 

LEMSC 0-14676, Aug. 1980. 

4-60. Preliminary Evaluation of the Environmental 

Raiaarch Institute of Michigan Crop Calendar 
Shift Algorithm for Eitimatlon of Spring Wheat 
Oavalopmant Staga. SR-LO-00476, ISC-16377, 
LEMSCO-15115, Sept. 1980. 

4-61. Tha Numerical Traill of HISSE. SR-IIO-00477, 

NAS 9-14689, Aug. I960. 

4-62. Tha Multlcatagory Casa of tha Saquantial 

Bayailan Pixel Selection and Estimation Proca- 
dura. SR-LO-00478, ISC-16378, I E MSC 0-14807, 
Nov. 1980. 

4-63. A Semi-Automatic Technique for Multitamporal 
Claiiificstion of a Given Crop. SR-IO-00481, 
ISC -16381, luly 1980. 

4-64. Taxonomic Claiilflcatlon of World Soil Map Uniti 
Occurring in Selected Brazilian Statai With Rap- 
raiantatlva U.S. Soil Serial and Numerical Rating 
of Physical and Chemical Soil Properties Signifi- 
cant to Crop Production. SR-UO-00482, JSC- 
16383, Sept. 1980. 

4-65. Probablllitic Cluster Labaling of Imaiary Data. 

SR-LO-00483, ISC-16384, L E MSCO-1535S, Sept. 
1980. 

4-66. Norm.;' Crop Calendars, Volume I: Assembly ar«d 
Application of Historical Crop Data to a Standard 
Product. SR-LO-00484, ISC-16813, LEMSCO- 
15033, Aug. 1980. 

1-67. Normal Crop Calendars, Volume II: Tha Spring 

Whast Statai of Minnesota, Montana, North 
Dakota, and South Dakota. SR-LO-0048S, ISC- 
16814, LEMSCO-1S034, Aug. 1980. 

4^8. Development Staga Estimation of Corn From 
Spactral Data - An Initial Modal. SR-IO-00488, 
I SC -16816, Aug. 1980. 
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4-69. lIlMtrailon of Voar-to-Yoar Variation In Whaat 
Spactral Proflla Croo Growth Curvat. SR-IO- 
004M, ISC -16917, Auf. 1990. 

4-70. Contaitual Claitificatlon of MuitUpactral 
Imaiary Data Approilmata Algorithm. SR-70- 
00491, NAS 9-1S466, Aug. 1990. 

4-71. On tha Eilitanca, Uniquanai*, and Asymptotic 
Normality of a Conaittant Solution of tha Llk^ 
llhood Equatloni for Nonldantlcally Olatrlbutad 
Obaarvatloni-Appllcatloni to Mltilng Data Proh- 
lami. SR-HO-00492, NAS 9-14699, Sapt. 1990. 

4-72. An Aataiimant of landaat Data Acquisition 
History by Identification and Araa Estimation of 
Corn and Soybeans. SR-PO-00494, NAS 9-1S466, 
luna 1990. 

4-73. Tasonomic Classification of World Map Units In 
Crop Producing Areas of Argentina and Bratll 
With Raprasantatlva U.S. Soil Series and Major 
Land Rasourca Areas In Which They Occur. SR- 
U0-0O497, ISC -16924, Oct. 1990. 

4-74. Spactral Raflactanca of Soils: A Lltaratura 

Review. SR-jO-00499, ISC-1692S, Aug. 1990. 

4-7S. Classification of Whaat: Badhwar Profile Simi- 
larity Technique. SR-LO-00499, ISC-16926, 

LEMSCO-1S30S, Oct. 1990. 

4-76. A Semi-Automatic Technique for Multilemporal 
Classification of a Given Crop of a Landsat 
Scene. SR-IO-04001, ISC-16029, Oct. 1990. 

4-77. Preliminary Evaluation of Spectral. Normal, and 
Meteorological Crop Stage Estimation 
Approaches. SR-LO-04002, ISC -16930, LEMSCO- 
14640, Oct. 1990. 

4-79. Maximum Likelihood Estlmatl>*:i for Mixture 

Models. SR-IO-04007, | SC -16932, LEMSCO- 

14990, Oct. 1990. 

4-79. ScmI-Annua' Project Management Report Pro- 

gram Review Presentation to Level, Interagency 
Coordination Committee. SR-IO-04011, ISC- 
16936, Nov. 1990. 

4-90. Analysis of U.S. Spring Wheat and Spring Barley 
Periodic Ground Truth. SR-LO-04012, JSC-16937, 
LEMSCO-1S699, Ian. 1991. 

4-91. Investigation of Boundary Pixel Handling Proce- 
dures. SR-L0-O4013, ISC -16939, L E MSCO-1S679, 
Dec. 1990. 

4-92. Bias Modeling Experiment. SR-I0-0401S, NAS 9- 
143SO, Nov. 1990. 

4-93. Quasl-Eicid Purity Experiment. SR-IO-04017, 
NAS 9-143S0, Oct. 1990. 

4-94. U.S.S.R. Crop Calendars in Support of the Early 
Warning Project. SR-LO-04019, ISC-16944, 

LEMSCO-1467S, Dec. 1990. 

4-9$. Final Report: Field Research on the Spectral 

Properties of Crop and Soil. SR-PO-04022, NAS 
9-1S466, Nov. 1990. 


4-99. Final Report: Research In the Application of 

Spectral Data to Crop Identification and Assess- 
ment. SR-PO-04023, NAS 9-15499, Nov. 1990. 

4-97. Final Report: Oeta Processing Research and 

Techniques Development. SR-P0-O4024, NAS 9- 
1S496, Nov. 1990. 

4-99. Final Report: Computer Processing Support. 

SR-P0-O402S, NAS 9-1S499, Nov. 1990. 

4-99. Spatial/Color Sequence Proportion Estimation 

Techniques. SR-L0-O4029, ISC -19949, LEMSCO- 
1S641, Dec. 199C. 

4-90. A Comperative Study of the Thematic Mapper 
and Landsat Spectral Bands From Field Measure- 
ment Data. SR-I0-O4029, ISC -16949, Mar. 1991. 

4-91. K^axlmum Likelihood Clustering With Dependent 

Feature Trees. SR-L1-04031, ISC-169S3, 

LEMSCO-1S693, Ian. 1991. 

4-92. Spring Small Grains Planting Date Distribution 
Model. SR-L1-O4032, ISC-169S9, L E MSCO-16019, 
Mar. 1991. 

4-93. Assembly Language Coding for CL ASSY. SR-X1- 

04033, NAS 9-1S991, |an. 1991. 

4-94. Weighted Ratio Estimation of Large Area Crop 
Production. SR-I1-O4036, ISC -16991, Feb. 1991. 

4-9S. Canopy Reflectance at Influenced by Solar Illumi- 
nation Angla. SR-P1-04039, NAS 9-1S466, Mar. 
1991. 

4-96. Maximum Likelihood Labeling. SR-X1H)4041, 

NAS 9-1S991, Fab. 1991. 

4-97. Crop Classification Using Airborne Radar and 

Landsat Data. SR-K1-04043, NAS 9-1S421, Feb. 
1991. 

4-99. Effects of Nitrogen Nutrition on the Growth, 

Yield and Reflectance Characteristics of Corn 
Canopy. SR-P1-04044, N AS 9-1S466, May 1991. 

4-99, Classification of Corn: 9adhwar Profile 

Similarity Technique. SR-L1-0404S, ISC-17113, 
LEMSC0-1603S, Mar. 1991. 

4-100. Improved Version of the Split Routine fo- 

CLASSY. SR-X1-04046, NAS 9-1S991, Mar. J991. 

4-101. New Output Improvements for CLASSY. SR-X1- 

040S3, NAS 9-15991, Mar. 1991. 

4-102. A Temporal/Spectral Analysis of Small Gra'n 
Crops and Confusion Crops. SR-L1H)40S4, |SC- 
17129, LEMSCO-1S6T6, Mar. 1991. 

4-103. Interim Catalog, Crourtd Data Summary Data 

Acquisition Year 1979. MU-L1-040SS, ISC- 

17119, I EMSC 0-16207, Feb. 1991. 

4-104. Interim Catalog, Ground Data Summary Data 

Acquisition Year 1V79. MU-L1-040S6, ISC- 

17120, LEMSCO-1632S, Mar. 1991. 

4-10S. A Crop Moisture Stress Index for Large Areas and 
Its Application In the Prediction of Spring Wheat 
Phenology. SR-L1-04064, |SC -17121, LEMSCO- 
16216, Mar. 1991. 
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4*1M. 0«v«lepm*fii and Evaluation of an Automatic 
Labolint Tachniqua for Spring Small Cralni< SR* 
E1-04MS, NAS **1S47», Aug. 1M1. 

4-107. Etilmallon of Proportion* In Mlaod Plaal* 

Through Thoir Region Charactorltatlotv SR-11- 
04047, I SC -17114, I f MSCO-14021, Mar. 1M1. 

4-104. An Analyiltof Hate Effact on Landtat Multltpoc- 
tral Scanner Data. SR-L1-04071, ISC-17127, 
LEMSCO-1S471, Mar. 1441. 

4-104. Oailgn ant.' Ev'jluatlen of a PIch-Up Truck 

Mounted Room for Evaluation of a Multlband 
Radiometer Syitem. SR-P1-04074, NAS 4-1S444, 
Apr. 1441. 

4-110. Recommended Oat* Sat*, Corn Segment* and 

Spring Wheat Segment*, for U*e In Program 
Oevalopment. SR-L1-04044, jSC-17117, 

LE MSCO-1S704, Apr. 1441. 

4-111. Sli-Channel Thematic Mapper Simulation. SR- 

11-04044, ISC -17134, L E MSCO-14342, May 1441. 

4-112. Preliminary Catalog; Crouitd Data Summary 

Data Acrniltltlon for 1440. MU-L 1-04100, ISC- 
17343. LEMSC 0-14444, May 1441. 

4-113. Oevalopment of Advanced Acreage Ettimatlon 
Method. SR-T1-04112, NAS 4-14444, Dec. 1440. 

4-114. U.S. Crop Calendar In Support of the Early 
Warning Project. SR-L1-M122, ISC-17402, 

LEMSC 0-14474, |uly 1441. 

4-11S. Interim Catalog, Creurtd Data Summary Data 

AcquUltlon Year 1477. MU-11-04123, ISC- 

17403, LEMSC 0-14434, luly 1441. 

4-114. On the Accuracy of Pliel Relaiatlon Labeling. 
SR-P1-0412S, NAS 4-1S444, luly 1441. 

4-117. Documentation of Computer Procedure* for 

Labeling Spring Crain* and OI*crlmlnatlng 
between Spring Wheat and larley U*lng Lattd*at 
Data. SR-E1-04131, NAS 4-1S474, Aug. 1441. 

4-114. Empirically Determined Calibration OlfferotKe* 
Between MDP-LIVES and LACIE PriKattad Data. 
SR-I1-C4133, ISC-17412, lune 1441. 

4-114. Linear Polarltatlon of Light by Two Wheat 

Canopie* Meatured at Many View Angle*. SR-P1- 
04134, NAS 4-1S444, Sept. 1441. 

4-120. Diurnal Change* in Reflectance Factor Due to 
Sun-Row Direction Interaction*. SR-P1-04140, 
NAS 4-1S444, Sept. 1441. 

4-121. Application of Computer Ailal Tomography to 
Meaturing Crop Canopy Geometry. SR-P1-04141, 
NAS 4- 1S444, lune 1441. 

4-122. Development of Mathematical Technique* for the 
Analytl* of Remote Senting Data. SR-H1-941S7, 
NAS 4-1SS43, Dec. 1474. 

4-123. Evaluation of Several Scheme* for Cla**lflcallon 
of Remotely Sen*ed Data. SP-P1-041S4, NAS 4- 
1S444, 14*4. 


4-124. A Method for Cla**lfylng Mulllapoctral Remote 
Sonting Data U*lng Conteat. SR-P1-041S4, NAS 
4-1S444, 1474. 

4-1 2S. Sampling for Area Eatlmatlon: A Comparlaon of 
Pull-Frame Sampling With the Sample Segment 
Approach. SR-P1-04140, NAS 4-14470, 1474. 

4-124. Analyal* of Scartner Data for Crop Invontorle* - 
PerM Covered November IS, 1474 - February IS, 
1440. MU-E1-04141, NAS 4-1S474, May 1440. 

4-127. Analyal* of Scanner Data for Crop Invontorle* - 
**rl^ Covered February 14, 1440- May IS, 1440. 
MU-E 1-04142, NAS 4-13474, May 1440. 

4-124. Analytical Dealgn uf Multlapectral Sonaor*. SR- 

P1-04143, NAS 4-1S444, Apr. 1440. 

4-124. Overcoming Accuracy Deterioration In Pliel 

Relaiatlon Labeling. SR-P1-04144, N AS 4-1S444, 
Dec. 144A. 

4-130. Evaluation of Several Scheme* for Claaalficatlon 
of Remotely Senaed Oat*. SR-P1-0414S, NAS 
4-1S444, Dec. 1440. 

4-131. Conteitual Claaalficatlon of Multlapectral 

Remote Senaing Data Uaing a Multiproceaaor 
Syatem. SR-Pl-04144, NAS 4-1S444, Apr. 1440. 

4-132. Parallel Proceaaing Implementation* of a 

Conteitual Claaaifler for Multlapectral Remote 
Senaing Dal*. SR-P1-04147, NAS 4-1S444. lune 
1440. 

4-133. The Development of a Spectral-Spatial Claaallier 
for Earth Obaervation* Data. SR-Pl-04144, NAS 
V1S444, Aug. 1474. 

4-134. A Parametric Model for Multlapectral Scanner*. 
SR-Pl-04144, N AS 4-1S444, Apr. 1440. 

4-13S. A Model of Plant Canopy Polarltatlon Reaponae. 
SR-P1-04170, NAS V-1S444, lune 1440. 


SR Minute* - 00500 


4-134. Minute* of the Semi-Annual Formal Project Man- 
ager'* Review. SR-I0-00S03, ISC-14434, Oct. 7, 
1440. 


SR 


Plant - 00400 

4-137. 

Supporting Reaearch Project 

Implementation 


Plan. SR-I4-C0402, (SC-14340, 

Dec. 1474. 

4-134. 

Supporting Reaearch Project 

Implementation 


Plan. SR-I0-C041S, (SC-14434, 

Oct. 1440. 


SR 00400 


4-134. Badhwar, C. D., and K. E. Henderaon: Develop- 
ment Stage Eatlmatlon of Corn From Spectral 
Oat*~An Initial Model. SR-IO-00444, ISC -14414, 
1440. Submitted to Agron. I. 
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4-140. 

CIcofM, R., 1. Crtii, R. Kaulh, P. lai^tback, 
N. MallU, and W. RIchardaon; Oavalo^ani of 
Procadurt M for Mylticrop Invanlory, With Taita 
of a Sprint Wlioal Confl|yrailon. f nvlronmantal 
RaMarch Inst, of MIcftItan, NASA CR (RIM 
132400-U-(, Mar. 1479. 

4-m. 

Thompaon, D., and 0. Wehmanen: Uslrtg Landsat 
Digital Data to Oatect Moisture Stress In Corn- 
Soybean Crowing Raglons. Photogramrnetric (ng. 
and Remote Sensing, vol. 44, no. 4, Aug. 1440, pp. 
1047-1041. 

4-141. 

Crist, (., and W. Mallla: A Tachniqu# for Auto- 
matic 1 abolint of landsat Agricultural Scan# 
ilamants by Analysis of Tamporal-Spactral Pat- 

SM 

Instructions - 00100 

4-142. 

tarns. FIftaantfi Int. Symposium on Ramota 
Sanslng of (nvironmant, May 1*11. 

Crist, (. P., and W. A. Mallla; Tamporal-Spactral 

S-01. 

Yield Model Development/Soil Moisture Interface 
Control Document. MU-IO-00100, |SC -14441, 
Nov. 1440. 


Analysis Tachnlpua for Vagatatlon Applications of 
Landsat. Fourtaanth Int. Symposium on Ramota 
Sanslng of (nvironmant (San losa, Costa Rica), 
Apr. 14R0. 

S-02. 

Soil Molsture/Early Warning artd Crop Condition 
Assessment Interlace Control Document. MU-IO- 
00101, ISC -14442, Nov. 1440. 

4-141. 

Falvason, A.: Aids for tha Idantlflcatlon of Sta- 
tistical Concepts. Tfw joint Statistical Mooting 
of tha Amarican Stat. Assoc, and lliomotric Soc. 

SM 

Reports - 00400 


(Houston, Tai.), Aug. 14M. 

S-01. 

Neutron-Mete* Calibration for the 1474 Colhy 
Soil Moisture Experiment. SM-L0-0041S, ISC- 

4-144. 

Holmo., Q. A., and R. Horvath; Procadura M: An 
Advancad Procadura for Stratified Area (sllma- 


1177*, LEMSC 0-14042, Feb. 1440. 


tion Using Landsat. Fourtaanth Int. Symposium 
on Ramota Sensing of (nvi'onmant (San lota. 
Cotta Rica), Apr. 14R0. 

S-04. 

(valuation of Gravimetric Ground Truth Soil 
Moisture Data Collected for the Agricultural Soil 
Moisture Experiment 1974 Colby, Kansas, 
Aircraft Mission. SM-LO-00141, ISC-141S7. 

4-14*. 

Kauth, R. 1., attd C. S. Thomas; Sy.tam for Anal- 
ytltof Landsat Agricultural Data. Environmental 


LEMSC 0-1 4400, Oct. 1440. 

4-144. 

Rat. Inst, of Michigan, N ASA CK tRiM 104400. 
Kauth, R. 1., R. C. Cicona, and W. A. Mallla; 

S-OS. 

Use of Soli Moisture Information in Yield Model. 
SM-MO-00442, NAr 4-14444, lune 1440. 


Procadura M; A Framework for Stratified Area 
tstimation. Sixth Annual Symposium on Machine 
Proct fling of Ramotaly Sensed Data, Purdue 
Univ. (W. Lafayette, Ind.), lune 2-4, 1440. 

S-04. 

Agricultural Soil Moisture Experiment, Colby, 
Kansas, 1474; Measured and Predicted Hydro- 
logic Froperties of the Soil. SM-L0MIO441, ISC- 
14144, L( MSC 0-14107, Oct. 1440. 

4-147. 

Ka>,th, R. 1., W. A. Mallla, R. Horvath, and k. C. 
Cicona; L'atigr; Consideration for Resource 

Inventory Svttai;'t. Fourteenth Int. Symposium on 

S-07. 

A Paramx’ric Study of Tillage Effects on Radar 
Rackscalte SM-IO-00470, ISC-14172, 1 uly 1440. 

4-14... 

Rtmot* Sensing of Environment (San Iota, Cotta 
Rica), Apr. 1440. 

Lannington, R. K., and M. E, Rattbach: CLASSY- 

S-04. 

Reports on the Remote Measurement of Soli 
Moisture by Microwave Radiometers at BARC 
Test Site. SM-GO-00471, Aug. 1440, |uly 1440. 


An Adaptive Maximum Likelihood Cluttering 
Algorithm. Proc. Technical Sessions, The LACIE 
Symposium, Vol. II, 1 uly 1474, pp. 471-441. (See 
ref. 1 for avtilablllty.) 

S-04. 

S-10. 

Comparison of the Characteristics of Soil Wate* 
Profile Models. SM-LO-00440, ISC-14414, 

LE MSCO-1S110, Ian. 1941. 

loint VIcrowavc and Infrared Studies for Soil 

4-144. 

Mallla, W. A., I' . F. Lambeck, arsd E. P. Crist; 
Landsat Features lor Agricultural Appl. cations. 
Fourteenth Int. Symposium on Remote Sensing of 


Moisture Detcrminatloru SM-Y0-CO44S, NAS 

7-100, Sept. 1440. 

4-1*0. 

Environment iSan lose. Cotta Rica), Apr. 1440. 
Pitts, D,, and C. Oadhwar; Flald Site, Length, 

S-11. 

Aircraft Radar Response to Soil Moisture. SM- 
K0-O400S, NAG S-10, Oct. 1440. 


and Width Distributions Bated on LAC It Ground 
'•ruth Data. Remote Sensing of Environmen'., 
1460, pp. 201-21J. 

S-12. 

1474 Agriculture Soil Moisture (ASME) Data 
Documentat Ion. SM-KO-04004, NAG S-IO, Oct. 
1440. 

4-1*1. 

Richards, 1. A., n. A. Landgrebe, and P. H. 
'wain; Pixel ' ateling by Supervised Probnbilittic 
Relaxation. IEEE Trans. Patter.s Analysis and 
Machine Intelligence, vol. Paml-S, no. 2, Mar. 

S-11. 

Data Documentation for the Bare Soil Experiment 
at the Univirslty of Arkansas. SM-AO-04004, 
N A* 9-142S1, Ian. 1440. 

4-1*2. 

1441. 

Seminar by Bob Slelken at Mathematics Dept, of 

S-14. 

Soil stolsture Protect Evaluation Workshop. 
SM-RO-04014, Nov. 1440. 


'Jniv. of S. Dak., Spring 1940. Reports 11, 14, and 
20. 

S-1S. 

Calculatluns of the Spectral Nature of the Mlcrr^ 
wave Emissions From Soil. *M-G0M)40ia, NASA 
TM R2002, Nov. 1440. 
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S-16. D«»crlptlvt and Sansitlvlty Analytai of 
WATBAL1: A Dynamic Soil Wattr Modoll SM-LO* 
04021, ISC-16S46, LEMSCO-15672, Mar. 1481. 

S-17. Final Raport: Agriculturt Soil Molituro 

Experimont. SM-K1-0403S, NAS 9-140S2, Ian. 
1981. 

5-18. Apricultural Soli Moisture Exparimant: Evalua- 

tion of 1978 Colby Data Collected for Compara- 
tive Tatting of tell Moisture Models. SM-L1- 
04047, ISC-1711S, LEMSCO-15S24, May 1981. 

S-19. A Backscatter Model for a Randomly Perturbed 
Periodic Surface. SM-K1-04048, NAC 5-30, Mar. 
1981. 

5-20. An Approximate Model for Backscatterlng and 
Emission for Land and Sea. SM-K1-04049, NAC 
S-30, Mar. 1981. 

S-21. A Parameterization of Effective Soil Tempera- 
ture for Microwave Emission. SM-C1-040S0, 
NASA TM 82100, Mar. 1981. 

5-12. Survey of Applications of Passive Microwave 
Remote Sensing for Soil Moisture in the U.S.S.R. 
SM-R1-04084, May 1981. 

S-23. A Computer Program for the Simulation of Heat 
and Moisture Flow in Soils. SM-C1-04086, Apr. 
1981. 

5-24. Croun.-f Registration of Data From an Airborne 
Scatterometer. SM-L1-04091, ISC-17296, 

LEMSC 0-16340, |une 1981. 


SM Plans - 00600 


S-2S. Experiment Plan: Row and Roughness Effects on 

Dependence of Active Microwave Measurements 
of Soil Moisture. SM-|0-00613, ISC-16822, 

LEMSCO-15181, Oct. 1980. 

S-2o. Soil Moisture Implementaticn Plan. SM-|1- 

C0620, I SC -17108, 1981. 

S-27. Soil Moisture Implementation Plan. 

SM-I1-C0627, ISC -17150, 1980. 


SM Technical Translations - 00800 


S-28. Determination of Changes in the Hydrolic and 
Thermal Profits of Soil by Simulation and Remote 
Sensing. SM-11-00800, ISC-16859, Feb. 1981. 


SM Presentations 


5-29. Engman, E. T.: Agricultural Needs Related to 

Satellite Hydrology. Fifth Annual Pecora 
Memorial Symposium (Sioux Falls, S. Dak.), 
lune 10, 1979. 


SM Unnumbered Documents - 00900 


5-30. Bouma, |., R. E. Paetzold, and R. B. Crossman: 
Appileatioo of Hydraulic Conductivity Measure- 
ments in Soil Moisture Survey. Soil Survey 
Investigations Report, USOA-SCS (In press). 

S-31. Cloudhurry, Schmugge, and Mo: Parameteriza- 

tion of Effective Soil Temperature for Microwave 
Emission. Publication In |CR, lune 1980. 

S-32. lackson, T. |.: Profile Soil Moisture From 

Surface Measurements. I. Irrigation and 

Drainage Division, ASCE, vol. 106, no. IR2, 1980, 
pp. 81-92. 

S-33. lackson, T. |., A. Chang, and T. |. Schmugge: 
Active Microwave Measurements for Estimating 
Soil Moisture in Oklahoma. Proc. Fall Technical 
Meeting of the ASP, 1980. Presented at Fall 
Technical Meeting of the ASP (Niagara Falls, 
N.V.), Oct. 1980. 

S-34. lackson, T. I., A. Chang, and T. |. Schmugge: 
Aircraft Active Microwave Measurements for 
Estimating Soil Moisture. Photjgrammetric Eng. 
and Remote Sensing, 1980. (Accepted for 
publication.) 

S-3S. lackson, T. |., T. I. Schmugge, A. 0. Nicks, C. A. 

Coleman, E. T. Engman, artd I. R. Wang: Analysis 
of Microwave Remote Sensing of Soil Moisture 
for Hydrologic Simulation. Int. Symposium on 
Recent Developments for Hydrological 
Forecasting (Oxford, England). Apr. 1980. 

5-36. lackson, T. |., T. |. Schmugge, C. A. Coleman, 
C. R. Richardson, A. Chang, |. Wang, and E. T. 
Engman: Aircraft Remote Sensing of Soil Mois- 

ture and Hydrologic Parameters, Chickasha, OK 
and Riesel, TX. 1978 Data Report ARR-NE-8, 
USDA SEA-AR (Beltsville, Md.), 1980. 

S-37. McKim, H. L., T. I. Schmugge, and T. |. lackson: 
Survey of Methods for Soil Moisture 
Determination. Fourteenth Int. Symposium on 
Remote Sensing of Environment (San lose, Costa 
Rica), Apr. 1980. 

S-38. Price, I. C.: The Potential of Remotely Sensed 

Thermal Infrared Data to Infer Surface Soil 
Moisture and Evaporation. Water Resources Res., 
vol. 16, no. 6, 1980, pp. 787-795. 

S-39. Price, I. C.: Satellite Estimation of Regional 

Scale Surface Moisture Characteristics. Meeting 
of American Geophysical Union (San Francisco, 
Calif.), Dec. 11, 1''80. 

S-40. Schmugge, T. )., T. ). lackson, and H. L. McKim: 
Met'xrds for Soil Moisture Determination. Water 
Resources Res., vol. 16, no. 6, 1980, pp. %1-979. 

S-41. Wang, I., artd Cloudhurry; Remote Sensing of Soil 
Moisture Content Over Bare Fields at 1.4 CH 
Frequency. Published lune 20, 1981. Issue of 
ICR. 
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Wang, |.( and T. Schmugga: An Empirical Modal 
for tha Complai DIalactrIc Parmittivlty of Solli 
at a Function of Water Contant. IEEE Tram. 
Caotciance and Ramota Sanilng, vol. CE-18, 

no. 4, Oct. 1980. 

Wang, I.. R. Nawton, and |. Route, Jr.: Pattiva 
Microwave Remote Senting of Soil Moitture; Tha 
Effact of Tlllad Row Structura. IEEE Trant. 
Caotciance and Remote Senting, vol. CE-18, 

no. 4, Oct. 1980. 

Wang, J., I. Shiva, E. T. Engman, I. McMw.-;*av, 
C. P. Lawlett, T. |. Schmugga, T. |. Iat.r..>n, 
W. Could, I. Fucht, C. Calhoon, T. Carriahan, 
E. HIrtchmann, and W. Clazar: Remote Meature- 
mentt of Soil Moitture by Microwave Radiom- 
etert at BARC Tctt Site. AgRISTARS Soil 
Mcitture Tech. Rep., SM-CO-00471, 1980. 


Reportt - 00400 


Evaluation of large Area Crop Ettimation Tech- 
niquet Uting Landtat and Cround-Derived Data. 
OC-L1-040S1, ISC -17116, LE MSC 0-1S76’. Mar. 
1981. 

An Evaluation of MSS P-Format Data Regittra- 
tion. DC-Y1-04069, NSTL/ERL-197, Apr. 1981. 

Evaluation of Multiband, Multitemporal and 
Transformed Landtat MSS Data for Lattd Cover 
Area Ettimation. OC-Y1-04089, NSTL/ERL-196, 
Apr. 1981. 


Plans - 00600 


Domestic Crops and Land Cover Implemeitation 
Plan. DC-J1-C0619, ISC-17109, 1981. 

Domestic Crops and Land Cover I nplemeitation 
Plan. DC-I1-C0626, ISC -17149, 1980. 


Unnumbered T. .cuments - 00900 


Allen, R.: USDA Registration and Rectification 
Requirements. NASA Workshop on Registration 
and Rectification, Nov. 17, 1981. 

Craig, M. E.: Area Estimates by Landtat, 

Arizona 1979. Statistical Research Division; 
Economics, Statistics and Cooperatives Service, 
USDA (Washington, D.C.), 1980. 

Crahani, M. H., and Raymond Luebbe: An Evalu- 
ation of MSS P-Format Data Registration. Staff 
Rep. DC-Y1-04069, Apr. 1981. 

Kleweno, D. D., and C. E. Miller: 1980 

AgRISTARS DC/LC Project Summary Crop Area 
Estimate' for Kansas and Iowa. ESS Staff Rep. 
ACESS810414, Mar. 1981. 

May, C.: Evolution of Land Cover Definitions and 
Survey for the Economics and Statistics Service, 
lune 1981. 


6-11. May, C., and R. Allen: Non-Sampling Errors In 
Non-Agricultural Strata of tha 1980 Kansas lune 
Enumerative Survey. Oct. 1981. 

6-12. May, C., and D. Kleweno: 1981 Kansas Land 

Cover Survey Manual. ESS Research Division 
(Washington, D.C.). 

6-13. Mergerson, |. W.: Crop Area Estimates Using 

Ground'^ a the red and Landsat Data. ESS Staff 
Rep. ACESS810223, Feb. 1981. 

6-14. Mergerson, |. W.: Crop Ares Estimation Using 

Cround-Cathcred and Sampled Landsat Data. ESS 
Staff Rep. ACESS810408, May 1981. 

6-15. Ozga, M., and R. Sigman: An Autodigitizing 

Procedure for Ground-Data Labeling of 
LANDSAT Piacls. Fifteenth Int. Symposium on 
Remote Sensing of Environment (Arm Arbor, 
Mich.), May 1981. 

6-16. Ryerson, R. A., R. S. Sigman, and R. I. Brown: 
Satellite Remote Sensing for Domestic Crop 
Reporting In the United States and Canada: A 

Look to the Future. Seventh Canadian Sympos- 
ium on Remote Sensing (Winnipeg, Manitoba), 
Sept. 9, 1981. 

6-17. Sigman, R.: Crop Area Estimate From Landsat 

and Crouttd Survey Data. Canadian Federal 
Provincia' ''ommittee on Agriculture Statistics 
(Ottaw , '' t <da). Mar. 198C. 

)-18. Sigman, R., and M. Craig: Potential Utility of 

Thematic Mapper Data in Estimating Crop Areas. 
Fifteenth Int. Symoosium on Remote Sensing of 
Environment (Ann Arbor, Mich.), May 1981. 

C-19. Stoner, E. R. C. A. May, and M. T. Kalcic: Eval- 
uation of Multiband, Multitemporal, and Trans- 
formed LANDSAT MSS Data for Land Cover Area 
Estimation. Staff Rep. DC-Y1-04089, Apr. 1981. 

6-20. Winings, S. B.: Estimating Potatoes anu Other 

Crops in the Red River Valley of North Dakota 
and Minnesota Using 1980 LANDSAT Imagery. 
ESS Staff Rep. ACESS810S19, May 1981. 


RRI Reports - 00400 


7-01. Use and Evaluation of the Vegetation Component 
of Recommended National Land Classification 
System for Renewable Resource Assessment 
Progress Report. RR-L0-R0447, L E MSCO-14856, 
Apr. 1980. 

7-02. Use and Evaluation of the Vegetation Component 
of the National Site (Land! Classification System. 
RR-L0-R0466, L L M SC 0-1S173, |uly 1980. 

7-03. An Evaluation of ISOCLS and CLASSY Clustering 
Algorithms for Forest Classification in Northern 
Idaho. RR-L0-R0473, L E MSCO-1S318, luly 1980. 

7M>4. Analysis of Forest Classification Accuracy. 
RR-VPI0-R048S, Ian. 1981. 

7-OS. Sensor Parameter Study Literature Review and 
Experimental Plan. RR-CO-04009, Oct. 1980. 
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7-06. i<iatlonwldc Forattry Application! Protram RRI 

Projact - Final Raport - Oatactlon and Maaaura- 
mant of Chan|a« In tha Production and Quality of 
Renawable Rasourcei. RR-E1-04034, USOA 
Foratt Sarvica, S3-3187-9-47, Sapt. 30, 19S0. 

7-07. Nation«ida Foraitry Applications Program 

Cooparativa Research Report. RR-U1-04066, 
ISC -17123, Ian. 1981. 

7-08. Interim Report: Effects of Forest Canopy 

Closure on Incoming Solar Radiance. RR-C1- 
0408S, Apr. 1981. 

7-09. Obiectivas in Issues for Use in Developing Various 
Detailed Aspects of a Land Information Support 
System: A Summary of Discussions Through April 
1981. RR-L1-04110, L E M SCO-16670, Apr. 1981. 


RRI 


Unnumbered Reports - 00900 

7-10. 

Final Report 

- Detection and 

Measurement 

of 


Changes in 

the Production 

and Quality 

of 


Renewable Resources. ERIM, Sept. 1980. 

7-11. Final Report - Methods for Determination of REU 
Survey Plot and County Boundary Coordinates. 
R. F. Liston, USDA Forest Service, Sept. 1980. 

7-12. ISOCLS and CLASSY. Presentation at the 

Seventh Annual Symposium on Machine 
Processing of Remotely Sensed Data, Purdue 
Univ. (W. Lafayette, Ind.), 1981. 

7-13. Multiresource Inventory Methods Pilot Test. 

American Soc. Photogra nmetry Meeting, Feb. 2S, 
1981. 

7-14. Mulliresource Inventory Methods Pilot Test 

(Phase 1), Evaluation ot Multiresource Analysis 
and Information System Processing Components, 
Kershaw County, 5C Feasibility Test. ESC, Sept. 
1980. 

7-1S. Multiresource Inventory Methods Pilot Test 

(Phase 1), Final Report. ESC, Oct. 1980. 

7-16. Multiresource Inventory Methods Pilot Test 

(Phase 1), Multiresource Analysis and Information 
System Concept Development. ESC, lune 1980. 

7-17. ‘lultiresource Inventory Methods Pilot Test 

(Phase 1), Multiresource Inventory Design and 
Sampling Network. ESC, lune 1980. 

7-18. Multiresource Inventory Methods Pilot Test 

(Phase 2), Implementation Plan. ESC, Sept. 1980. 

7-19. A Pilot Test of High Altitude (Optical Bar Camera 
Photography to Estimate annual Mortality of 
Ponderosa Pine Caused by the Mountain Pine 
Beetle in Colorado. LEMSCC-V306, Mar. 1980. 


C/P Reports - 00400 


8-01. Research for Reliable Quantification of Water 
Sediment Concentrations From Multispectral 
Scanner Remote Sensing Data. CP-Z1-04078, 
ISC -17134, May 1981. 


8M)2. A Comparison of Observed and Analytical 
Derived Remote Sensing Penetration Depths for 



Turbid Water 
Sept. 1981. 

. CP-Z1-04149, 

NASA TM 83176, 

C/p 



Plant - 00600 

8-03. 

Conservation 
Plan. CP-11- 

and Pollution 
C0621, JSC-17110, 

Implementation 
, 1981. 

8-04. 

Contervation 

and Pollution 

Implementation 


Plan. CP-I1-C0625, ISC -17148, 1980. 


C/P Unnumbered Documents - (W900 


8-OS. Barnes, W. L., and I. C. Price: Calibration of a 
Satellite Infrared Radiometer. I. Appl. Optics, 
vol. 19. 1980, pp. 2153-2161. 

8-06. Bondelid, T. R., T. I. lackson, and R. H. McCuen: 
Comparison of Conventional and Remotely Sensed 
Estimates of Runoff Curve Numbers in South- 
eastern Pennsylvania. Proc. Annual Meeting of 
American Soc. Photogram met ry (St. Louis, Mo.), 
1980. 

8-07. Bondelid, T. R., T. |. lackson, and R. H. 

McCuen: A Computer Based Apprr>sch to 

Estimating Runoff Curve Numbers Usint Landsat 
Data. Tech. Report, Univ. of Marylard (College 
Park), 1980. 

8-08. Bondelid, T. R., T. |. lackson, and R. H. McCuen: 
Estimating Rurtoff Curve Numbers Using Remote 
Sensing Data. Int. Symposium on Rainfall-Runoff 
Modeling, Mississippi State Univ., 1981. 

8-09. Brakensiek, D. L.. R. L. Engleman, and W. |. 

Rawls: Variation Within Texture Classes of Soil 
Water Parameters. (Accepted for publication in 
Trans. American Soc. Agric. Eng.) 

8-10. Chang, A. T. C., and I. Shiue: A Comparative 

Study of Microwave Radiometer Observations 
Over Snowfields With Radiative Transfer Model 
Calculations. NASA TM 80267. Remote Sensing 
of Environment (in press). 

8-11. Chang, A. T. C., I. Shiue, and A. Rango: Remote 
Sensing of Snow Properties by Passive Microwave 
Radiometry: CSFC Truck Experiment. NASA 

Microwave Snow Property Workshop, NASA 
CP-2153, 1980. 

8-12. Chang, A. T. C., I. L. Foster, D. K. Hall, and 
A. Rango: Monitoring Snowpack Properties by 

Passive Microwave Sensors on Board Aircraft and 
Satellite. NASA Microwave Snow Property 
Workshop, NASA CP-2153, 1980. 

8-13. Cooley, K. R., and L. |. Lane: Optimized Runoff 
Curve Numbers for Su8*rcane and Pineapple 
Fields In Hawaii. I. Soil and Water Conserv., vol. 
35, no. 3, May-1 une 1980, pp. 137-141. 

8-14. Davis, R., and D. Marks: Undisturbed Measure- 
ment of the Energy and Mats Balance of a Deep 
Alpine Snowcover. Pro^. 40th Western Snow 
Conf., 1980, pp. 62-67. 
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a-is. 

B-16. 

e-17. 

8-1 s. 

a-19. 

a-20. 

8 - 21 . 

8 - 22 . 

8-23. 

8-24. 

8-2S. 

8-26. 

8-27. 


Doiitr, 1.: Sitalllt* Identification of Surface 

Radiant Temperature Fields of S ‘'nlael Resolu- 
tion. Tech. Memo NESS 113, NOA/s, 1980, 11 pp. 

Dozier, I.: Use of Environmental Satellite Data 
for Input to Energy Balance Snowmelt Models. 

8-28. 

Idso, S. B., and K. R. Cooley: Meteorological 

Modification of Particulate Air Pollution and 
Visibility Patterns at Phoenix, Arizona. 
(Accepted for publication in Archives Fur. Met., 
Caophys., and Blocllmate.) 

Final Rap. NOAA Grant 04-8-MO, 1980, 30 pp. 

Engman, E. T.: Agriculture Needs Related to 

Satellite Hydrology. Proc. American Water 

Resources Assoc. Percora. Symposium (Sioux 

8-29. 

lackson, T. |.: Profile Soil Moisture From Sur- 

face Measurements. ). Irrigation and Drainage 
DIv., American Soc. Civil Eng., vol. 106, no. IR2, 
1980, pp. 81-92. 

Falls, S. Oak.), 1979 (in press). 

Engman, E. T.: Remote Sensing Applications In 

Hydraulic Modeling. Keynote paper for Int. 
Symposium on Rainfall-Runoff Modeling, 

8-30. 

lackson, T. )., and W. |. Rawls: SCS Urban 

Curve Numbers From a Landsat Data Base. 19B0. 
(Accepted for publication in Water Resources 
Bulletin.) 

Mississippi State Univ. (in press). 

Foster, |. L., 0. K. Hall, A. Rango, A. T. C. 
Chang, L. 1. Allison, and B. C. DIesen: The 
Influence of Snow Depth and Surface Air Tem- 
perature on Satellite-Derived Microwave Bright- 

8-31. 

lackson, T. )., T. |. Schmugge, A. D. Nicks, G. A. 
Coleman, and c. T. Engman: Sol! Moisture 

Updating artd Microwave Remote Sensing for 
Hydrologic Simulation. Hydrol. Sciences Bull., 
1980. 

ness Temperature. NASA YM 8069S, 1980. 

Foster, ). L., A. Rango, D, K. Hall, A. T. C. 
Chang, L. I. Alii'cn, and B. C. DIesen; Snowpack 
Monitoring in North Ar^erlca aitd Eurasia Usittg 
Passive Microwave Satellite Data. Remote 

Sensing of the Epvironmn.it (in press). 

8-32. 

lackson, T. |., T. |. Schmugge, G. A. Coleman, 
C. R. Richardson, A. T. C. Chang, |. Wang, and 
E. T. Engman: Aircraft Remote Sensing of Soil 
Moisture and Hydrologic Parameters, Chickasha, 
Oklahoma, and Riesel, Texas. 1978 Data Report, 
ARR-NE-8, USDA, SEA-AR (Beltsville, Md.), 
1980. 

Frampton, M., and D. Marks: Mapping Snow Sur- 
face Temperature From Tltermal Satellite Data in 
the Southern Sierra. Proc. 4Sth Western Snow 
Conf., 1980, pp. 88-96. 

Frew: Remote Sensing of Snow Surface Albedo. 

8-33. 

lohnson, C. W., G. M. Secrist, G. C. Scholten, and 
R. 1. Baum: Watershed Management in Action on 
the Boise Front. Proc. American Soc. Civil Eng. 
Watershed Management Symposium, Boise, Idaho, 
■•980, pp. 998-1011. 

Final Report NOAA Grant 04-8-MO, Use of 
Environmental Satellite Data for Input to Energy 
Balance Snowmelt Models, 1980, 82 pp. 

Haan, C. T., D. L. Brakensiek, H. P. lohnson, 
eds.: Monograph on Hydrologic Modeling of Small 

8-34. 

Lillesand, T. M., D. E. Meisner, A. L. Downs, and 
R. L. Peuell: Satellite Monitoring of Srnm Exter>t 
and Condition in Agricultural, Transitional, and 
Forested Land Cover Areas. Final Report NOAA 
Grant N A80AA-D-0019, 1980, 35 pp. 

Watersheds. American Soc. Agric. Eng., Mar. 
1980. 

Hall, O. K., A. Rango, 1. L. Foster, and A. T. C. 
Chang: Progress aixl Requirements of Passive 

8-35. 

Marks, B., and D. Marks: Areal Determination of 
the Influence of a Forest Canopy on the Surface 
Radiant Energy Exchange. Proc. 48th Western 
Snow Conf., 1980, pp. 43-49. 

Microwave Remote Sensing of Snowpack Proper- 
ties. Proc. Workshop on Polar Surface Micro 
Properties for Climate Research, Greenbelt, Md., 
1980. 

Hanson, C. L., E. L. Neff, and A. D. Nicks: 

8-36. 

McCuen, R. H., W. |. Rawls, and O. L. 
Brakensiek; Statistical Analysis of the Brooks- 
Corey and the Green-Ampt Parameters Across 
Soil Textures. (Submitted for publication in 
Water Resources Res.) 

Estimating SCS Runoff Curve Numbers on Native 
Grazing Lands. Vol. Ill, Chap. 3 IN CREAMS; A 
Field Scale Model for Chemicals, Runoff, and 
Erosion From Agricultural Management Systems, 
W. G. Knisel, ed. USD A, SEA Cnnserv. Res. Rep. 
26, May 1980, pp. 398-404. 

8-37. 

Morris, W. D., W. G. Wilte, |r., and C. H. 
Whitlock: Turbid Water Measurements of Remote 
Sensing Penetration Depth at VIs'ble and Near 
Infrared Wav,*lengths. Proc. Symposium on 

Surface-Water impoundments, Minneapolis, Minn., 
1980. 

Hanson, C. L., E. L. Neff, |. T. Ooyle, and T. L. 
Gilbert; Runoff Curve Numbers for Northern 
Great Plaint Rangelands. (Submitted for 

publication in |. Soil and Water Conterv.) 

Hawley, M. E., R. H. McCuen, and A. Rango: 

8-38. 

Narasimhan, V. A., A. L. Huber, I. P. Riley, and 
|. I. lurinak. Development of Proc'.'dures to 
Evaluate Salinity Management Strategies in 
Irrigation Return Flows. Rip. UWRL/P-80-03, 
Utah Water Res. Lab., June 19M. 

Comparison of Models for Forecattirtg Snowmelt 
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